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Description 

TECHNICAL  FIELD 

The  present  invention  relates  to  a  control  sys- 
tem  for  a  hydraulic  pump  in  a  hydraulic  drive 
circuit  for  use  in  hydraulic  machines  such  as  hy- 
draulic  excavators  and  cranes,  and  more  particu- 
larly  to  a  control  system  for  a  hydraulic  pump  in  a 
hydraulic  drive  circuit  of  load  sensing  control  type 
which  controls  a  pump  delivery  rate  in  such  a 
manner  as  to  hold  the  delivery  pressure  of  the 
hydraulic  pump  higher  a  fixed  value  than  the  load 
pressure  of  a  hydraulic  actuator. 

BACKGROUND  ART 

Hydraulic  drive  circuits  for  use  in  hydraulic 
machines  such  as  hydraulic  excavators  and  cranes 
each  comprise  at  least  one  hydraulic  pump,  at 
least  one  hydraulic  actuator  driven  by  a  hydraulic 
fluid  delivered  from  the  hydraulic  pump,  and  a  flow 
control  valve  connected  between  the  hydraulic 
pump  and  the  actuator  for  controlling  a  flow  rate  of 
the  hydraulic  fluid  supplied  to  the  actuator.  It  is 
known  that  some  of  those  hydraulic  drive  circuits 
employs  a  technique  called  load  sensing  control 
(LS  control)  for  controlling  the  delivery  rate  of  the 
hydraulic  pump.  The  load  sensing  control  is  to 
control  the  delivery  rate  of  the  hydraulic  pump 
such  that  a  delivery  pressure  of  the  hydraulic  pump 
is  held  higher  a  fixed  value  than  a  load  pressure  of 
the  hydraulic  actuator.  This  causes  the  delivery 
rate  of  the  hydraulic  pump  to  be  controlled  depen- 
dent  on  the  load  pressure  of  the  hydraulic  actuator, 
and  hence  permits  economic  operation. 

Meanwhile,  the  load  sensing  control  is  carried 
out  by  detecting  a  differential  pressure  (LS  dif- 
ferential  pressure)  between  the  delivery  pressure 
and  the  load  pressure,  and  controlling  the  displace- 
ment  volume  of  the  hydraulic  pump,  or  the  position 
(tilting  amount)  of  a  swash  plate  in  the  case  of  a 
swash  plate  pump,  in  response  to  a  deviation  be- 
tween  the  LS  differential  pressure  and  a  differential 
pressure  target  value.  Conventionally,  the  detection 
of  the  differential  pressure  and  the  control  of  tilting 
amount  of  the  swash  plate  have  usually  been  car- 
ried  out  in  a  hydraulic  manner  as  disclosed  in  US- 
A-4  617  854,  for  example.  This  conventional  ar- 
rangement  will  briefly  be  described  below. 

A  pump  control  system  disclosed  in  US-A-4 
617  854  comprises  a  control  valve  having  one  end 
subjected  to  the  delivery  pressure  of  a  hydraulic 
pump  and  the  other  end  subjected  to  both  the 
maximum  load  pressure  among  a  plurality  of  ac- 
tuators  and  the  urging  force  of  a  spring,  and  a 
cylinder  unit  operation  of  which  is  controlled  by  a 
hydraulic  fluid  passing  through  the  control  valve  for 

regulating  the  swash  plate  position  of  the  hydraulic 
pump.  The  spring  at  one  end  of  the  control  valve  is 
to  set  a  target  value  of  the  LS  differential  pressure. 
Depending  on  the  deviation  occurred  between  the 

5  LS  differential  pressure  and  the  target  value  there- 
of,  the  control  valve  is  driven  and  the  cylinder  unit 
is  operated  to  regulate  the  swash  plate  position, 
whereby  the  pump  delivery  rate  is  controlled  so 
that  the  LS  differential  pressure  is  held  at  the  target 

io  value.  The  cylinder  unit  has  a  spring  built  therein  to 
apply  an  urging  force  in  opposite  relation  to  the 
direction  in  which  the  cylinder  unit  is  driven  upon 
inflow  of  the  hydraulic  fluid. 

However,  the  above  conventional  control  sys- 
75  tern  for  the  hydraulic  pump  has  had  the  following 

problem. 
In  the  conventional  pump  control  system,  the 

tilting  speed  of  a  swash  plate  of  the  hydraulic 
pump  is  determined  dependent  on  the  flow  rate  of 

20  the  hydraulic  fluid  flowing  into  the  cylinder  unit, 
while  that  flow  rate  of  the  hydraulic  fluid  is  deter- 
mined  dependent  on  both  an  opening,  i.e.,  a  posi- 
tion,  of  the  control  valve  and  setting  of  the  spring  in 
the  cylinder  unit  and,  in  turn,  the  position  of  the 

25  control  valve  is  determined  by  the  relationship  be- 
tween  the  urging  force  of  the  LS  differential  pres- 
sure  and  the  spring  force  for  setting  the  target 
value.  Here,  the  spring  of  the  control  valve  and  the 
spring  of  the  cylinder  unit  each  have  a  fixed  spring 

30  constant.  Accordingly,  a  control  gain  for  the  tilting 
speed  of  the  swash  plate  dependent  on  the  de- 
viation  between  the  LS  differential  pressure  and  the 
target  value  thereof  is  always  constant.  The  control 
gain,  i.e.,  the  spring  constants  of  the  two  springs, 

35  are  set  in  such  a  range  that  change  in  the  pump 
delivery  pressure  will  not  cause  hunting  and  the 
pump  is  kept  from  coming  into  disablement  of 
control  on  account  of  change  in  the  delivery  rate 
upon  change  in  the  swash  plate  position. 

40  In  the  LS  control,  the  delivery  pressure  of  the 
hydraulic  pump  is  determined  dependent  on  a  dif- 
ference  between  the  flow  rate  of  the  hydraulic  fluid 
flowing  into  a  line,  extending  from  the  hydraulic 
pump  to  the  flow  control  valve,  and  the  flow  rate  of 

45  the  hydraulic  fluid  flowing  out  of  the  line,  as  well  as 
a  line  volume  into  which  the  delivered  hydraulic 
fluid  is  allowed  to  flow.  Therefore,  when  the  opera- 
tion  (input)  amount  of  the  flow  control  valve  (i.e., 
the  demanded  flow  rate)  is  small,  the  opening  of 

50  the  flow  control  valve  is  so  reduced  that  the  small 
line  volume  between  the  hydraulic  pump  and  the 
flow  control  valve  plays  a  predominant  factor.  As  a 
result,  the  delivery  pressure  is  largely  varied  even 
with  slight  change  in  the  flow  rate  upon  change  in 

55  the  swash  plate  position.  On  the  other  hand,  when 
the  operation  amount  of  the  flow  control  valve  is 
increased  to  enlarge  the  opening  thereof,  the  large 
line  volume  between  the  pump  and  an  actuator 
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now  takes  part  in  pressure  change,  whereby 
change  in  the  delivery  pressure  upon  change  in  the 
delivery  rate  is  reduced. 

Accordingly,  in  order  to  reliably  perform  the  LS 
control  over  a  range  of  the  entire  operation  amount 
(opening)  of  the  flow  control  valve  without  causing 
hunting,  the  above-mentioned  control  gain,  i.e.,  the 
spring  constants  of  the  two  springs,  are  set  to  a 
relatively  small  value  such  that  a  tilting  speed  of 
the  swash  plate  to  prevent  the  pressure  change 
from  hunting  at  the  small  opening  of  the  flow 
control  valve  is  provided. 

Meanwhile,  when  a  control  lever  is  operated, 
the  operator  tends  to  operate  the  control  lever  at  a 
speed  corresponding  to  speed  change  demanded 
for  the  actuator.  With  the  operating  speed  of  the 
control  lever  being  small,  the  difference  between 
the  demanded  flow  rate  of  the  flow  control  valve 
and  the  delivery  rate  of  the  hydraulic  pump  is 
small,  and  so  is  a  deviation  between  a  differential 
pressure  signal,  determined  from  the  pump  deliv- 
ery  pressure  and  the  maximum  load  pressure,  and 
the  target  differential  pressure  set  by  the  spring.  In 
this  case,  because  the  operating  speed  of  the 
control  lever  is  small,  the  control  gain  set  by  the 
two  springs  as  mentioned  above  can  provide  suffi- 
cient  change  in  the  tilting  speed  of  the  swash  plate, 
i.e.,  the  sufficient  delivery  rate  of  the  hydraulic 
pump,  to  realize  demanded  speed  change  of  the 
actuator. 

However,  when  the  operating  speed  of  the  con- 
trol  lever  is  large,  i.e.,  when  the  control  lever  is 
operated  abruptly,  there  occurs  a  large  difference 
between  the  demanded  flow  rate  of  the  flow  control 
valve  and  the  delivery  rate  of  the  hydraulic  pump, 
which  also  increases  the  deviation  between  the 
differential  pressure  signal,  determined  from  the 
pump  delivery  pressure  and  the  maximum  load 
pressure,  and  the  target  differential  pressure  set  by 
the  spring.  In  this  case,  with  the  control  gain  set  by 
the  two  springs  as  mentioned  above,  the  tilting 
speed  of  the  swash  plate,  i.e.,  change  in  the  deliv- 
ery  rate  of  the  hydraulic  pump,  is  limited  and 
becomes  insufficient.  Accordingly,  the  demanded 
speed  change  of  the  actuator  cannot  be  realized, 
causing  the  operator  to  feel  that  the  actuator  is  too 
slow  in  action. 

To  solve  the  above  problem,  therefore,  the 
present  inventors  have  proposed  in  International 
Application  No.  PCT/JP90/00962  (International  Ap- 
plication  Date:  Jul.  27,  1990;  International  Laid- 
Open  No.  WO91/02167;  International  Laid-Open 
Date:  Feb.  21,  1991)  a  control  system  for  a  hydrau- 
lic  pump  characterized  in  comprising  first  means 
for  determining,  based  on  a  delivery  pressure  of  a 
hydraulic  pump  and  a  maximum  load  pressure 
among  a  plurality  of  actuators,  a  target  displace- 
ment  volume  (a  tilting  amount  of  a  swash  plate)  of 

the  hydraulic  pump  to  reduce  a  differential  pres- 
sure  deviation  between  the  above  differential  pres- 
sure  and  a  preset  target  differential  pressure,  sec- 
ond  means  for  determining  a  control  gain  of  the 

5  first  means  to  becomes  larger  with  the  differential 
pressure  deviation  increasing  and  smaller  with  the 
differential  pressure  deviation  decreasing,  and  third 
means  for  controlling  displacement  volume  varying 
means  (swash  plate)  of  the  hydraulic  pump  so  that 

io  the  displacement  volume  of  the  hydraulic  pump  is 
matched  with  the  target  displacement  volume  de- 
termined  by  the  first  means. 

With  the  above  arrangement,  in  a  range  where 
the  operating  speed  of  the  control  lever  is  small 

is  and  so  is  the  differential  pressure  deviation,  the 
control  gain  determined  by  the  second  means  also 
becomes  small  to  reduce  the  tilting  speed  of  the 
swash  plate.  This  enables  stable  control  in  which 
there  occurs  no  hunting  due  to  abrupt  change  in 

20  the  delivery  pressure.  On  the  other  hand,  when  the 
operating  speed  of  the  control  lever  is  large,  i.e., 
when  the  control  lever  is  operated  abruptly  and  the 
differential  pressure  deviation  is  increased,  the  con- 
trol  gain  determined  by  the  second  means  also 

25  becomes  large  to  raise  the  tilting  speed  of  the 
swash  plate,  thus  enabling  to  achieve  a  response 
not  slow  but  prompt.  By  so  doing,  the  delivery 
pressure  of  the  hydraulic  pump  can  always  be 
controlled  in  an  optimum  way  regardless  of  the 

30  operating  speed  of  the  control  lever. 
The  present  invention  is  intended  to  further 

improve  the  above  prior  application  and  solve  the 
problem  encountered  in  the  case  of  making  the 
target  differential  pressure  variable. 

35  More  specifically,  while  the  target  differential 
pressure  between  the  pump  delivery  pressure  and 
the  maximum  load  pressure  is  usually  set  constant 
in  the  load  sensing  control,  it  has  been  proposed  to 
make  the  target  differential  pressure  variable  for 

40  various  purposes.  One  example  is  disclosed  in  JP, 
A,  2-76904.  In  this  proposed  technique,  the  target 
differential  pressure  can  be  changed  externally  for 
the  purpose  of  facilitating  fine  speed  operation  of 
an  actuator.  By  setting  the  target  differential  pres- 

45  sure  to  a  small  value,  the  displacement  volume  of 
the  hydraulic  pump  is  controlled  so  as  to  keep  the 
small  target  differential  pressure.  As  a  result,  since 
the  differential  pressure  across  the  flow  control 
valve  also  becomes  small  by  being  restricted  by 

50  the  small  target  differential  pressure,  metering 
characteristics  of  the  flow  control  valve  are 
changed  to  reduce  the  flow  rate  of  the  hydraulic 
fluid  supplied  to  the  actuator  and  the  fine  speed 
operation  of  the  actuator  can  easily  be  realized. 

55  In  the  case  of  making  the  target  differential 
pressure  so  variable,  however,  at  the  small  target 
differential  pressure,  the  differential  pressure  de- 
viation  cannot  exceed  the  target  differential  pres- 
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sure  and  the  differential  pressure  deviation  is  also 
limited  to  a  small  maximum  value,  leading  to  that 
when  the  operating  speed  of  the  control  lever  is 
large,  i.e.,  when  the  control  lever  is  operated  ab- 
ruptly,  there  can  be  obtained  only  the  small  dif- 
ferential  pressure  deviation  limited.  Accordingly, 
even  if  the  control  gain  is  set  dependent  on  the 
differential  pressure  deviation  as  with  the  foregoing 
prior  application,  the  obtained  control  gain  is  small 
and  the  tilting  speed  of  the  swash  plate  is  so 
limited  that  the  actuator  is  forced  to  move  slowly. 

An  object  of  the  present  invention  is  to  provide 
a  control  system  for  a  hydraulic  pump  which,  when 
a  target  differential  pressure  for  load  sensing  con- 
trol  is  set  as  a  variable  value,  can  perform  stable 
control  at  a  small  operating  speed  of  control  means 
without  causing  hunting  and  achieve  a  response, 
not  slow  but  prompt,  at  a  large  operating  speed  of 
the  control  means,  no  matter  what  a  value  of  the 
target  differential  pressure. 

DISCLOSURE  OF  THE  INVENTION 

To  achieve  the  above  object,  according  to  the 
present  invention,  there  is  provided  a  control  sys- 
tem  for  a  hydraulic  pump  in  a  hydraulic  drive 
circuit  of  load  sensing  control  type  comprising  at 
least  one  hydraulic  pump  of  displacement  volume 
type,  at  least  one  hydraulic  actuator  driven  by  a 
hydraulic  fluid  delivered  from  said  hydraulic  pump, 
and  a  flow  control  valve  connected  between  said 
hydraulic  pump  and  said  actuator  for  controlling  a 
flow  rate  of  the  hydraulic  fluid  supplied  to  said 
actuator,  wherein  a  target  displacement  volume  is 
determined  based  on  a  differential  pressure  de- 
viation  between  a  differential  pressure,  in  turn  be- 
tween  a  delivery  pressure  of  said  hydraulic  pump 
and  a  load  pressure  of  said  actuator,  and  a  target 
differential  pressure  is  determined,  and  a  displace- 
ment  volume  of  said  hydraulic  pump  is  controlled 
so  that  said  differential  pressure  between  the  deliv- 
ery  pressure  and  the  load  pressure  is  held  at  said 
target  differential  pressure,  said  control  system  for 
a  hydraulic  pump  being  characterized  by  first 
means  including  said  target  differential  pressure 
set  as  a  variable  value;  second  means  for  deter- 
mining  a  control  factor  that  becomes  larger  as  said 
differential  pressure  deviation  calculated  from  said 
target  differential  pressure  as  a  variable  value  is 
increased,  and  becomes  smaller  as  said  differential 
pressure  deviation  is  decreased,  and  also  that  be- 
comes  large  at  a  relatively  small  value  of  said 
differential  pressure  deviation  when  said  target  dif- 
ferential  pressure  is  small;  and  third  means  for 
determining  said  target  displacement  volume 
based  on  said  differential  pressure  deviation  cal- 
culated  from  said  target  differential  pressure  as  a 
variable  value  and  said  control  factor. 

With  the  present  invention  thus  arranged,  when 
the  target  differential  pressure  set  by  the  first 
means  is  large,  an  operating  speed  of  control 
means  is  small  and  the  differential  pressure  de- 

5  viation  is  small,  the  small  control  factor  is  deter- 
mined  by  the  second  means  and  thus  a  change 
speed  of  the  displacement  volume  is  reduced. 
Therefore,  change  in  the  pump  delivery  pressure 
becomes  so  small  as  to  enable  stable  control  in 

io  which  there  occurs  no  hunting  due  to  abrupt 
change  in  the  pump  delivery  pressure.  With  the 
target  differential  pressure  being  similarly  large, 
when  the  operating  speed  of  the  control  means  is 
large,  i.e.,  when  the  control  means  is  quickly  op- 

15  erated  to  increase  the  differential  pressure  devi- 
ation,  the  large  control  factor  is  determined  by  the 
second  means  and  thus  the  change  speed  of  the 
displacement  volume  is  increased,  thereby  en- 
abling  a  response  not  slow  but  prompt.  Accord- 

20  ingly,  the  delivery  pressure  of  the  hydraulic  pump 
can  be  always  controlled  in  such  an  optimum  man- 
ner  as  not  slow  in  a  response  and  as  causing  no 
hunting  irrespective  of  the  operating  speed  of  the 
control  means. 

25  When  a  small  target  differential  pressure  is  set 
by  the  first  means,  the  large  control  factor  is  deter- 
mined  by  the  second  means  at  a  relatively  small 
value  of  the  differential  pressure  deviation,  whereby 
even  if  the  differential  pressure  deviation  obtained 

30  at  the  large  operating  speed  of  the  control  means 
is  reduced  corresponding  the  small  target  differen- 
tial  pressure,  the  large  control  factor  can  be  ob- 
tained.  Therefore,  the  change  speed  of  the  dis- 
placement  volume  is  increased  similarly  to  the 

35  case  of  the  large  target  differential  pressure,  en- 
abling  to  carry  out  prompt  control  free  from  slow 
change  in  the  pump  delivery  rate.  Accordingly,  the 
pump  delivery  pressure  can  be  optimumly  con- 
trolled  in  such  a  manner  as  not  slow  in  a  response 

40  and  as  causing  no  hunting  irrespective  of  not  only 
the  operating  speed  of  the  control  means  but  also 
the  magnitude  of  the  target  differential  pressure  as 
a  variable  value. 

Preferably,  said  second  means  comprises 
45  fourth  means  for  determining  a  modified  differential 

pressure  deviation  which  is  larger  than  said  dif- 
ferential  pressure  deviation  when  said  target  dif- 
ferential  pressure  is  small,  and  fifth  means  for 
determining  said  control  factor  based  on  the  modi- 

50  fied  differential  pressure  deviation.  Said  fourth 
means  preferably  comprises  means  for  calculating 
a  first  modifying  factor  that  becomes  larger  as  said 
target  differential  pressure  is  decreased,  and 
means  for  multiplying  said  differential  pressure  de- 

55  viation  by  said  first  modifying  factor  to  determine 
said  modified  differential  pressure  deviation.  Said 
fifth  means  preferably  comprises  means  for  cal- 
culating,  from  said  modified  differential  pressure 

5 
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deviation,  a  second  modifying  factor  that  becomes 
larger  as  said  modified  differential  pressure  de- 
viation  is  increased,  and  becomes  smaller  as  said 
modified  differential  pressure  deviation  is  de- 
creased,  means  including  a  basic  control  factor  set 
in  advance,  and  means  for  multiplying  said  basic 
control  factor  by  said  second  modifying  factor  to 
calculate  said  control  factor. 

Further,  said  second  means  may  comprise 
means  for  calculating  a  first  modifying  factor  that 
becomes  larger  as  said  target  differential  pressure 
is  decreased,  means  for  calculating,  from  said  dif- 
ferential  pressure  deviation,  a  second  modifying 
factor  that  becomes  larger  as  said  differential  pres- 
sure  deviation  is  increased,  and  becomes  smaller 
as  said  differential  pressure  deviation  is  decreased, 
and  means  for  multiplying  said  first  modifying  fac- 
tor  by  said  second  modifying  factor  to  calculate 
said  control  factor. 

Alternatively,  said  second  means  may  com- 
prises  means  for  calculating  a  second  modifying 
factor  that  becomes  larger  as  said  differential  pres- 
sure  deviation  is  increased,  and  becomes  smaller 
as  said  differential  pressure  deviation  is  decreased, 
and  also  that  becomes  large  at  a  relatively  small 
value  of  said  differential  pressure  deviation  when 
said  target  differential  pressure  is  small,  means 
including  a  basic  control  factor  set  in  advance,  and 
means  for  multiplying  said  basic  control  factor  by 
said  second  modifying  factor  to  calculate  said  con- 
trol  factor. 

Preferably,  the  control  system  for  the  hydraulic 
pump  further  comprises  means  for  detecting  a  rev- 
olution  speed  of  a  prime  mover  to  drive  said  hy- 
draulic  pump,  and  said  first  means  sets  said  target 
differential  pressure  as  a  value  that  becomes  larger 
as  said  detected  revolution  speed  is  increased,  and 
becomes  smaller  as  said  detected  revolution  speed 
is  decreased. 

With  such  an  arrangement,  when  the  operator 
lowers  the  revolution  speed  of  the  prime  mover 
with  an  intention  of  doing  fine  speed  operation  of 
the  actuator,  the  target  differential  pressure  be- 
comes  small  with  the  reduced  revolution  speed  of 
the  prime  mover.  Correspondingly,  the  differential 
pressure  between  the  delivery  pressure  of  the  hy- 
draulic  pump  and  the  load  pressure  of  the  actuator 
becomes  small,  and  so  does  the  differential  pres- 
sure  across  the  flow  control  valve.  This  also  re- 
duces  the  flow  rate  of  the  hydraulic  fluid  supplied 
to  the  actuator,  making  it  possible  to  facilitate  the 
fine  speed  operation  corresponding  to  the  oper- 
ator's  intention  and  improve  the  operability. 

Preferably,  the  control  system  for  the  hydraulic 
pump  further  comprises  means  for  detecting  a 
temperature  of  the  hydraulic  fluid  in  said  hydraulic 
drive  circuit,  and  said  first  means  sets  said  target 
differential  pressure  as  a  value  that  becomes  small- 

er  as  said  detected  fluid  temperature  is  raised,  and 
becomes  larger  as  said  detected  fluid  temperature 
is  lowered. 

With  such  an  arrangement,  since  the  target 
5  differential  pressure  becomes  large  in  works  under 

the  low-temperature  environment,  it  is  possible  to 
prevent  a  reduction  in  the  flow  rate  of  the  hydraulic 
fluid  supplied  to  the  actuator  and  thus  improve  the 
working  efficiency. 

io  Preferably,  the  control  system  for  the  hydraulic 
pump  further  comprises  means  for  outputting  a 
work  mode  signal  to  designate  a  work  mode  of  a 
hydraulic  machine  mounting  said  hydraulic  drive 
circuit  thereon,  and  said  first  means  stores  a  plural- 

15  ity  of  different  target  differential  pressures  respec- 
tively  corresponding  to  a  plurality  of  work  modes 
and  selects  the  target  differential  pressure  cor- 
responding  to  the  work  mode  designated  by  said 
work  mode  signal. 

20  With  such  an  arrangement,  since  the  optimum 
target  differential  pressure  is  set  dependent  on  the 
work  mode,  optimum  metering  characteristics  de- 
pendent  on  the  contents  of  work  can  be  provided 
to  further  improve  the  working  efficiency. 

25  Preferably,  the  control  system  for  the  hydraulic 
pump  further  comprises  means  for  detecting  a  rev- 
olution  speed  of  a  prime  mover  to  drive  said  hy- 
draulic  pump,  means  for  detecting  a  temperature  of 
the  hydraulic  fluid  in  said  hydraulic  drive  circuit, 

30  and  means  for  outputting  a  work  mode  signal  to 
designate  a  work  mode  of  a  hydraulic  machine 
mounting  said  hydraulic  drive  circuit  thereon,  and 
said  first  means  comprises  means  for  calculating  a 
revolution  speed  modifying  factor  that  becomes 

35  larger  as  said  detected  revolution  speed  is  in- 
creased,  and  becomes  smaller  as  said  detected 
revolution  speed  is  decreased,  means  for  calculat- 
ing  a  fluid  temperature  modifying  factor  that  be- 
comes  smaller  as  said  detected  fluid  temperature 

40  is  raised,  and  becomes  larger  as  said  detected 
fluid  temperature  is  lowered,  means  for  storing  a 
plurality  of  different  target  differential  pressures  re- 
spectively  corresponding  to  a  plurality  of  work 
modes  and  selecting  the  target  differential  pressure 

45  corresponding  to  the  work  mode  designated  by 
said  work  mode  signal,  and  means  for  calculating 
said  target  differential  pressure  as  a  variable  value 
from  said  target  differential  pressure  corresponding 
to  the  designated  work  mode,  said  revolution 

50  speed  modifying  factor  and  said  fluid  temperature 
modifying  factor. 

With  such  an  arrangement,  an  improvement  in 
the  fine  speed  operation  at  the  lowered  revolution 
speed  of  the  prime  mover,  an  increase  in  the 

55  working  efficiency  under  the  low-temperature  envi- 
ronment,  and  an  advantage  resulted  from  setting 
metering  characteristics  dependent  on  the  contents 
of  work  can  be  realized  simultaneously. 

6 
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Preferably,  said  third  means  comprises  means 
for  multiplying  said  differential  pressure  deviation 
by  said  control  factor  to  calculate  a  target  change 
speed  of  said  displacement  volume,  and  means  for 
adding  said  target  change  speed  to  the  target 
displacement  volume  obtained  in  the  last  cycle  to 
determine  a  new  target  displacement  volume. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  diagram  of  a  hydraulic 
drive  circuit  of  load  sensing  control  type 
equipped  with  a  control  system  for  a  hydraulic 
pump  according  to  one  embodiment  of  the 
present  invention; 
Fig.  2  is  a  schematic  diagram  showing  the  ar- 
rangement  of  a  swash  plate  position  controller; 
Fig.  3  is  a  schematic  diagram  showing  the  ar- 
rangement  of  a  control  unit; 
Fig.  4  is  a  flowchart  showing  the  control  se- 
quence  carried  out  in  the  control  unit; 
Fig.  5  is  a  graph  showing  the  relationship  be- 
tween  a  target  revolution  speed  Nr  and  a  target 
differential  pressure  APo; 
Fig.  6  is  a  flowchart  showing  details  of  a  step  of 
calculating  a  control  factor  Ki  in  the  flowchart 
shown  in  Fig.  4; 
Fig.  7  is  a  graph  showing  the  relationship  be- 
tween  the  target  differential  pressure  APo  and  a 
modifying  factor  KAPo; 
Fig.  8  is  a  graph  showing  the  relationship  be- 
tween  a  modified  differential  pressure  deviation 
A  (AP)*  and  a  modifying  factor  Kr; 
Fig.  9  is  a  flowchart  showing  details  of  a  step  of 
calculating  a  swash  plate  target  position  of  the 
hydraulic  pump  in  the  flowchart  of  Fig.  4; 
Fig.  10  is  a  flowchart  showing  details  of  a  step 
of  controlling  the  swash  plate  position  of  the 
hydraulic  pump  in  the  flowchart  shown  of  Fig.  4; 
Fig.  11  is  a  block  diagram  showing  control  steps 
of  the  above  embodiment  together  in  the  form  of 
blocks; 
Fig.  12  is  a  block  diagram  showing  primary 
functions  in  the  block  diagram  of  Fig.  11  to- 
gether; 
Fig.  13  is  a  chart  showing  the  relationship  in 
change  over  time  between  the  opening  of  a  flow 
control  valve,  the  LS  differential  pressure,  the 
control  coefficient  and  the  swash  plate  position 
when  the  target  differential  pressure  is  large; 
Fig.  14  is  a  chart  showing  the  relationship  in 
change  over  time  between  the  opening  of  the 
flow  control  valve,  the  LS  differential  pressure, 
the  control  coefficient  and  the  swash  plate  posi- 
tion  when  the  target  differential  pressure  is 
small; 
Fig.  15  is  a  block  diagram  similar  to  Fig.  11, 
showing  a  control  system  for  a  hydraulic  pump 

according  to  a  second  embodiment  of  the 
present  invention; 
Fig.  16  is  a  block  diagram  showing  primary 
functions  in  the  block  diagram  of  Fig.  15  to- 

5  gether; 
Fig.  17  is  a  block  diagram  similar  to  Fig.  11, 
showing  a  control  system  for  a  hydraulic  pump 
according  to  a  third  embodiment  of  the  present 
invention;  and 

io  Fig.  18  is  a  block  diagram  showing  primary 
functions  in  the  block  diagram  of  Fig.  17  to- 
gether. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVEN- 
15  TION 

Hereinafter,  one  embodiment  of  the  present 
invention  will  be  described  with  reference  to  Figs.  1 
-  14. 

20  In  Fig.  1,  a  hydraulic  drive  circuit  according  to 
this  embodiment  is  mounted  on  hydraulic  excava- 
tors  such  as  hydraulic  machines  and  comprises  a 
hydraulic  pump  1  ,  a  plurality  of  hydraulic  actuators 
2,  2A  driven  by  a  hydraulic  fluid  delivered  from  the 

25  hydraulic  pump  1,  flow  control  valves  3,  3A  con- 
nected  between  the  hydraulic  pump  1  and  the 
actuators  2,  2A  for  controlling  flow  rates  of  the 
hydraulic  fluid  supplied  to  the  actuators  2,  2A  de- 
pendent  on  operation  of  control  levers  3a,  3b,  re- 

30  spectively,  and  pressure  compensating  valves  4, 
4A  for  holding  constant  differential  pressures  be- 
tween  the  upstream  and  downstream  sides  of  the 
flow  control  valves  3,  3A,  i.e.,  differential  pressures 
across  those  valves,  to  control  the  flow  rates  of  the 

35  hydraulic  fluid  passing  through  the  flow  control 
valves  3,  3A  to  values  in  proportion  to  openings  of 
the  flow  control  valves  3,  3A,  respectively.  A  set  of 
the  flow  control  valve  3  and  the  pressure  com- 
pensating  valve  4  constitutes  one  pressure  com- 

40  pensated  flow  control  valve,  while  a  set  of  the  flow 
control  valve  3A  and  the  pressure  compensating 
valve  4A  constitutes  another  pressure  compensated 
flow  control  valve.  The  hydraulic  pump  1  has  a 
swash  plate  1a  as  a  displacement  volume  varying 

45  mechanism. 
The  hydraulic  pump  1  is  driven  by  a  prime 

mover  15.  The  prime  mover  15  is  usually  a  diesel 
engine  and  its  revolution  speed  is  controlled  by  a 
fuel  injector  16.  The  fuel  injector  16  is  an  all-speed 

50  governer  having  a  manual  governer  lever  17.  By 
operating  the  governer  lever  17,  a  target  revolution 
speed  is  set  dependent  on  the  operation  amount  to 
control  fuel  injection. 

The  hydraulic  pump  1  is  controlled  in  its  deliv- 
55  ery  rate  by  a  control  system  which  comprises  a 

differential  pressure  sensor  5,  a  swash  plate  posi- 
tion  sensor  6,  a  governer  angle  sensor  18,  a  control 
unit  7  and  a  swash  plate  position  controller  8.  The 

7 
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differential  pressure  sensor  5  detects  a  differential 
pressure  (LS  differential  pressure)  between  a  maxi- 
mum  load  pressure  PL  among  the  plurality  of  ac- 
tuators,  including  the  actuators  2,  2A,  selected  by 
shuttle  valves  9,  9A  and  a  delivery  pressure  Pd  of 
the  hydraulic  pump  1,  and  converts  it  into  an 
electric  signal  AP  for  outputting  to  the  control  unit 
7.  The  swash  plate  position  sensor  6  detects  a 
position  (tilting  amount)  of  a  swash  plate  1a  of  the 
hydraulic  pump  1  and  converts  it  into  an  electric 
signal  0  for  outputting  to  the  control  unit  7.  The 
governer  angle  sensor  18  detects  the  operation 
amount  of  the  governer  lever  17  and  converts  it 
into  an  electric  signal  Nr  for  outputting  to  the 
control  unit  7.  The  control  unit  7  calculates  a  drive 
signal  for  the  swash  plate  1a  of  the  hydraulic  pump 
1  based  on  the  electric  signals  AP,  0,  Nr  and 
outputs  the  drive  signal  to  the  swash  plate  position 
controller  8.  In  response  to  the  drive  signal  from 
the  control  unit  7,  the  swash  plate  position  control- 
ler  8  drives  the  swash  plate  1a  for  controlling  the 
pump  delivery  rate. 

The  swash  plate  position  controller  8  is  con- 
stituted  as  a  hydraulic  drive  device  of  electro- 
hydraulic  servo  type,  for  example,  as  shown  in  Fig. 
2. 

More  specifically,  the  swash  plate  position  con- 
troller  8  has  a  servo  piston  8b  for  driving  the  swash 
plate  1a  of  the  hydraulic  pump  1,  the  servo  piston 
8b  being  housed  in  a  servo  cylinder  8c.  A  cylinder 
chamber  of  the  servo  cylinder  8c  is  partitioned  by 
the  servo  piston  8b  into  a  left-hand  chamber  8d 
and  a  right-hand  chamber  8e.  These  chambers  are 
formed  such  that  the  cross-sectional  area  D  of  the 
left-hand  chamber  8d  is  larger  than  the  cross- 
sectional  area  d  of  the  right-hand  chamber  8e. 

The  left-hand  chamber  8d  of  the  servo  cylinder 
8c  is  communicated  with  a  hydraulic  source  10 
such  as  a  pilot  pump  via  a  line  8f,  and  the  right- 
hand  chamber  8e  of  the  servo  cylinder  8c  is  com- 
municated  with  the  hydraulic  source  10  via  a  line 
8i,  the  line  8f  being  communicated  with  a  reservoir 
(tank)  11  via  a  return  line  8j.  A  solenoid  valve  8g  is 
disposed  midway  the  line  8f,  and  a  solenoid  valve 
8h  is  disposed  midway  the  return  line  8j.  These 
solenoid  valves  8g,  8h  are  each  a  normally  closed 
solenoid  valve  (with  the  function  of  returning  to  a 
closed  state  upon  deenergization),  and  switched 
over  by  the  drive  signal  from  the  control  unit  7. 

When  the  solenoid  valve  8g  is  energized 
(turned  on)  for  switching  to  its  open  position  B,  the 
left-hand  chamber  8d  of  the  servo  cylinder  8c  is 
communicated  with  the  hydraulic  source  10,  where- 
upon  the  servo  piston  8b  is  forced  to  move  righ- 
twardly  on  the  drawing  sheet  of  Fig.  2  due  to  the 
difference  in  cross-sectional  area  between  the  left- 
hand  chamber  8d  and  the  right-hand  chamber  8e. 
This  increases  a  tilting  angle  of  the  swash  plate  1a 

of  the  hydraulic  pump  1  and  hence  the  delivery 
rate.  When  the  solenoid  valve  8g  and  the  solenoid 
valve  8h  are  both  deenergized  (turned  off)  for  re- 
turning  to  their  closed  positions  A,  the  fluid  (oil) 

5  passage  leading  to  the  left-hand  chamber  8d  is  cut 
off  and  the  servo  piston  8b  remains  rest  at  the  then 
position.  The  tilting  angle  of  the  swash  plate  1a  of 
the  hydraulic  pump  1  is  thereby  kept  constant,  and 
so  is  the  delivery  rate.  When  the  solenoid  valve  8h 

io  is  energized  (turned  on)  for  switching  to  its  open 
position  B,  the  left-hand  chamber  8d  of  the  servo 
cylinder  8c  is  communicated  with  the  reservoir  11 
to  reduce  the  pressure  in  the  left-hand  chamber  8d, 
whereby  the  servo  piston  8b  is  forced  to  move 

is  leftwardly  on  the  drawing  sheet  of  Fig.  2  under  an 
action  of  the  pressure  in  the  right-hand  chamber 
8e.  This  decreases  the  tilting  angle  of  the  swash 
plate  1a  of  the  hydraulic  pump  1  and  hence  the 
delivery  rate. 

20  The  control  unit  7  is  constituted  by  a  micro- 
computer  and,  as  shown  in  Fig.  3,  comprises  an 
A/D  converter  7a  for  converting  the  differential 
pressure  signal  AP  outputted  from  the  differential 
pressure  sensor  5,  the  swash  plate  position  signal 

25  0  outputted  from  the  swash  plate  position  sensor  6 
and  the  operation  amount  signal  Nr  of  the  governer 
lever  17  outputted  from  the  governer  angle  sensor 
18  into  respective  digital  signals,  a  central  process- 
ing  unit  (CPU)  7b,  a  read  only  memory  (ROM)  7c 

30  for  storing  a  program  of  the  control  sequence,  a 
random  access  memory  (RAM)  7d  for  temporarily 
storing  numerical  values  under  calculations,  an  I/O 
interface  7e  for  outputting  the  drive  signals,  and 
amplifiers  7g,  7h  connected  to  the  aforesaid  sole- 

35  noid  valves  8g,  8h,  respectively. 
The  control  unit  7  calculates  a  swash  plate 

target  position  0o  from  the  differential  pressure 
signal  AP  outputted  from  the  differential  pressure 
sensor  5  and  the  governer  lever  operation  amount 

40  signal  Nr  outputted  from  the  governer  angle  sensor 
18  in  accordance  with  the  program  of  the  control 
sequence  stored  in  the  ROM  7c,  and  creates  the 
drive  signals  from  the  swash  plate  target  position 
0o  and  the  swash  plate  position  signal  0  outputted 

45  from  the  swash  plate  position  sensor  6  to  make  a 
deviation  therebetween  zero,  followed  by  outputting 
the  drive  signals  to  the  solenoid  valves  8g,  8h  of 
the  swash  plate  position  controller  8  from  the  am- 
plifiers  7g,  7h  via  the  I/O  interface  7e.  The  swash 

50  plate  1a  of  the  hydraulic  pump  1  is  thereby  con- 
trolled  so  that  the  swash  plate  position  signal  0 
coincides  with  the  swash  plate  target  position  0o. 

Function  and  operation  of  this  embodiment  will 
be  described  below  in  detail  by  referring  to  a 

55  flowchart,  shown  in  Fig.  4,  of  the  control  sequence 
program  stored  in  the  ROM  7c. 

First,  in  a  step  100,  the  respective  signals  AP, 
0,  Nr  from  the  differential  pressure  sensor  5,  the 

8 
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swash  plate  position  sensor  6  and  the  governer 
angle  sensor  18  are  entered  to  the  control  unit  via 
the  A/D  converter  7a  and  stored  in  the  RAM  7d  as 
the  differential  pressure  AP,  the  swash  plate  posi- 
tion  0  and  the  target  revolution  speed  Nr,  respec- 
tively. 

Then,  in  a  step  110,  the  target  differential  pres- 
sure  APo  is  calculated  from  the  target  revolution 
speed  Nr  read  in  the  step  100.  The  calculation  is 
made  by  previously  storing  table  data  as  shown  in 
Fig.  5  in  the  ROM  7c,  and  reading  the  target 
differential  pressure  APo  corresponding  to  the  tar- 
get  revolution  speed  Nr  from  the  table  data.  Alter- 
natively,  the  target  differential  pressure  APo  may 
be  determined  through  arithmetic  operation  by  pro- 
gramming  the  calculation  formula  in  advance.  The 
relationship  between  the  target  revolution  speed  Nr 
and  the  target  differential  pressure  APo  in  the  table 
data  has  such  characteristics  that  the  target  dif- 
ferential  pressure  APo  is  increased  as  the  target 
revolution  speed  Nr  becomes  higher  and  is  de- 
creased  as  the  target  revolution  speed  Nr  becomes 
lower.  In  this  embodiment,  particularly,  the  char- 
acteristics  are  set  such  that  a  maximum  target 
differential  pressure  APomax  obtained  at  a  maxi- 
mum  Nrmax  of  the  target  revolution  speed  gives  a 
standard  target  differential  pressure  suitable  for 
usual  operation  of  the  hydraulic  circuit  shown  in 
Fig.  1. 

The  reason  of  setting  the  relationship  between 
the  target  revolution  speed  Nr  and  the  target  dif- 
ferential  pressure  APo  as  mentioned  before  is  as 
follows.  Corresponding  to  an  intention  of  the  oper- 
ator  to  reduce  the  revolution  speed  of  the  prime 
mover  for  fine  speed  operation,  the  target  differen- 
tial  pressure  APo  is  made  smaller  so  that  the 
differential  pressure  across  the  flow  control  valve 
also  becomes  smaller.  Thus,  metering  characteris- 
tics  of  the  flow  control  valve  are  modified  to  reduce 
the  flow  rate  of  the  hydraulic  fluid  supplied  to  the 
actuator,  thereby  facilitating  the  fine  speed  opera- 
tion. 

Then,  in  a  step  120,  a  deviation  A  (AP)  be- 
tween  the  target  differential  pressure  APo  deter- 
mined  in  the  step  110  and  the  differential  pressure 
AP  read  in  the  step  100  is  calculated. 

Next,  in  a  step  130,  a  control  factor  Ki  for  a 
tilting  speed  of  the  swash  plate  1a  is  calculated. 
Fig.  6  shows  details  of  the  step  130. 

In  Fig.  6,  a  differential  pressure  deviation  modi- 
fying  factor,  i.e.,  a  first  modifying  factor  KAP  is  first 
calculated  in  a  step  131.  The  calculation  is  made 
by  previously  storing  table  data  as  shown  in  Fig.  7 
in  the  ROM  7c,  and  reading  the  modifying  factor 
KAP  corresponding  to  the  target  differential  pres- 
sure  APo  determined  in  the  step  110.  Alternatively, 
the  modifying  factor  KAP  may  be  determined 
through  arithmetic  operation  by  programming  the 

calculation  formula  in  advance.  The  relationship 
between  the  target  differential  pressure  APo  and 
the  modifying  factor  KAP  in  the  table  data  has  such 
characteristics  that,  as  shown  in  Fig.  7,  the  modify- 

5  ing  factor  KAP  is  small  at  a  maximum  APomax  of 
the  target  differential  pressure  APo,  and  the  modi- 
fying  factor  KAP  becomes  larger  as  the  target  dif- 
ferential  pressure  APo  is  decreased.  In  this  em- 
bodiment,  particularly,  the  characteristics  are  set 

io  such  that  the  modifying  factor  KAP  is  equal  to  1  at 
the  maximum  APomax  of  the  target  differential 
pressure  APo.  Note  that  the  modifying  factor  KAP 
corresponding  to  the  maximum  target  differential 
pressure  APomax  may  be  a  value  other  than  1  . 

is  The  reason  of  setting  the  relationship  between 
the  target  differential  pressure  APo  and  the  modify- 
ing  factor  KAP  as  mentioned  before  is  as  follows. 
As  a  result  of  making  the  target  differential  pres- 
sure  APo  so  variable,  when  the  target  differential 

20  pressure  APo  is  small,  the  differential  pressure 
deviation  A  (AP)  cannot  exceed  the  target  differen- 
tial  pressure  and  is  also  limited  to  a  small  value.  In 
view  of  that,  when  the  operating  speed  of  the 
control  lever  is  large,  the  small  differential  pressure 

25  deviation  thus  limited  is  modified  to  a  value  as 
large  as  that  in  the  case  where  the  target  differen- 
tial  pressure  is  large. 

Then,  in  a  step  132,  the  modifying  factor  KAP 
determined  in  the  step  131  is  multiplied  by  the 

30  differential  pressure  deviation  A  (AP)  determined  in 
the  step  120  in  Fig.  4  to  calculate  a  modified 
differential  pressure  deviation  A  (AP)*. 

Next,  in  a  step  133,  a  second  modifying  factor 
Kr  is  calculated  from  the  modified  differential  pres- 

35  sure  deviation  A  (AP)*.  The  calculation  is  made  by 
previously  storing  table  data  as  shown  in  Fig.  8  in 
the  ROM  7c,  and  reading  the  modifying  factor  Kr 
corresponding  to  an  absolute  value  of  the  modified 
differential  pressure  deviation  A  (AP)*  determined 

40  in  the  step  133.  Alternatively,  the  modifying  factor 
Kr  may  be  determined  through  arithmetic  operation 
by  programming  the  calculation  formula  in  ad- 
vance.  The  relationship  between  the  absolute  value 
of  the  modified  differential  pressure  deviation  A  - 

45  (AP)*  and  the  modifying  factor  Kr  in  the  table  data 
has  such  characteristics  that,  as  shown  in  Fig.  8, 
the  modifying  factor  Kr  takes  a  minimum  value 
Krmin  when  the  absolute  value  of  the  modified 
differential  pressure  deviation  A  (AP)*  is  equal  to  or 

50  less  than  A1  ,  takes  a  maximum  value  Krmax  when 
the  absolute  value  of  the  modified  differential  pres- 
sure  deviation  A  (AP)*  becomes  equal  to  or  greater 
than  A2,  and  it  is  increased  continuously  from  the 
minimum  value  Krmin  to  the  maximum  value 

55  Krmax  as  the  absolute  value  of  the  modified  dif- 
ferential  pressure  deviation  A  (AP)*  increases  in  a 
range  of  from  A1  to  A2. 
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Here,  the  minimum  value  Krmin  of  the  modify- 
ing  factor  Kr  is  set  to  such  a  value  as  providing  the 
control  factor  Ki  which  enables  to  perform  stable 
control  without  making  the  delivery  pressure  of  the 
hydraulic  pump  1  so  abruptly  changed  as  to  cause 
hunting,  when  the  swash  plate  position  6  of  the 
hydraulic  pump  1  is  small  and  the  target  revolution 
speed  Nr  of  the  prime  mover  15  is  at  the  maximum 
Nrmax.  The  maximum  value  Krmax  of  the  modify- 
ing  factor  Kr  is  set  to  such  a  value  as  providing  the 
control  factor  Ki  which  enables  to  perform  prompt 
control  free  from  slow  change  in  the  pump  delivery 
pressure.  In  this  embodiment,  particularly,  the 
maximum  value  Krmax  is  set  to  1  .  Note  that  Krmax 
may  be  set  to  a  value  other  than  1.  Also,  the 
modifying  factor  Kr  may  be  a  value  discontinuously 
changing  between  the  minimum  value  Krmin  and 
the  maximum  value  Krmax. 

Then,  in  a  step  134,  the  modifying  factor  Kr 
determined  in  the  step  133  is  multiplied  by  a 
preset  basic  value  Kio  of  the  control  factor  to 
obtain  the  control  factor  Ki.  In  this  case,  the  basic 
value  Kio  of  the  control  factor  is  to  set  the  maxi- 
mum  control  factor  dependent  on  the  value  of  the 
modifying  factor  Kr.  In  this  embodiment,  since  the 
modifying  factor  Kr  is  1  when  the  absolute  value  of 
the  modified  differential  pressure  deviation  A  (AP)* 
is  equal  to  or  greater  than  A2,  the  basic  value  Kio 
is  made  coincident  with  such  a  value  of  the  control 
factor  Ki  as  enabling  to  perform  prompt  control  free 
from  slow  change  in  the  pump  delivery  pressure 
when  the  differential  pressure  deviation  A  (AP)  is 
large.  Alternatively,  if  the  minimum  value  Krmin  of 
the  modifying  factor  Kr  in  Fig.  8  is  set  to  1,  the 
basic  value  Kio  of  the  control  factor  may  be  co- 
incident  with  such  a  value  of  the  control  factor  Ki 
as  enabling  to  perform  stable  control  without  mak- 
ing  the  delivery  pressure  of  the  hydraulic  pump  1 
so  abruptly  changed  as  to  cause  hunting,  when  the 
swash  plate  position  6  of  the  hydraulic  pump  1  is 
small  and  the  target  revolution  speed  Nr  of  the 
prime  mover  15  is  at  the  maximum  Nrmax.  Further, 
if  a  value  of  the  modifying  factor  Kr  intermediate 
between  the  minimum  value  Krmin  and  the  maxi- 
mum  value  Krmax  is  set  to  1  ,  the  basic  value  Kio 
may  be  coincident  with  such  a  value  of  the  control 
factor  Ki  as  enabling  to  perform  optimum  control 
for  the  differential  pressure  deviation  A  (AP)  at  the 
then  time. 

Next,  returning  to  Fig.  4,  a  step  140  calculates 
a  swash  plate  target  position  (i.e.,  a  target  tilting 
amount)  of  the  hydraulic  pump  through  integral 
control.  Fig.  9  shows  details  of  the  step  140. 

In  Fig.  9,  an  increment  A6AP  of  the  swash  plate 
target  position  is  first  calculated  in  a  step  141.  The 
calculation  is  performed  by  multiplying  the  differen- 
tial  pressure  deviation  A  (AP)  by  the  control  factor 
Ki  determined  in  the  step  130.  Assuming  that  a 

period  of  time  required  for  the  program  proceeding 
from  the  step  100  to  150  (i.e.,  cycle  time)  is  tc,  the 
swash  plate  target  position  increment  A6AP  repre- 
sents  an  increment  of  the  swash  plate  target  posi- 

5  tion  for  the  cycle  time  tc  and  hence  A0AP/tc  gives  a 
target  tilting  speed  of  the  swash  plate. 

Then,  in  a  step  142,  the  increment  A0AP  is 
added  to  the  swash  plate  target  position  0o-1  which 
has  been  calculated  in  the  last  cycle,  to  obtain  the 

io  present  (new)  swash  plate  target  position  0o. 
Next,  returning  to  Fig.  4,  a  step  150  controls 

the  tilting  position  (tilting  amount)  of  the  hydraulic 
pump.  Fig.  10  shows  details  of  the  step  150. 

In  Fig.  10,  a  deviation  Z  between  the  swash 
is  plate  target  position  0o  calculated  in  the  step  140 

and  the  swash  plate  position  6  read  in  the  step  100 
is  first  calculated  in  a  step  151.  Then,  in  a  step 
152,  it  is  determined  whether  an  absolute  value  of 
the  deviation  Z  is  within  a  dead  zone  A  for  the 

20  swash  plate  position  control.  If  |  Z  |  is  determined 
to  be  smaller  than  the  dead  zone  A  (|  Z  |  <  A),  then 
the  control  flow  proceeds  to  a  step  154  where  OFF 
signals  are  outputted  to  the  solenoid  valves  8g,  8h 
for  rendering  the  swash  plate  position  fixed.  If  |  Z  | 

25  is  determined  to  be  not  smaller  than  the  dead  zone 
A  (|  Z  |  k  A)  in  the  step  152,  then  the  control  flow 
proceeds  to  a  step  153.  The  step  153  determines 
whether  Z  is  positive  or  negative.  If  Z  is  deter- 
mined  to  be  positive  (Z  >  0),  then  the  control  flow 

30  proceeds  to  a  step  155.  In  the  step  155,  an  ON  and 
OFF  signal  are  outputted  to  the  solenoid  valves  8g 
and  8h,  respectively,  for  moving  the  swash  plate 
position  in  the  direction  to  increase. 

If  Z  is  determined  to  be  zero  or  negative  (Z  ^ 
35  0)  in  the  step  153,  then  the  control  flow  proceeds 

to  a  step  156.  In  the  step  156,  an  OFF  and  ON 
signal  are  outputted  to  the  solenoid  valves  8g  and 
8h,  respectively,  for  moving  the  swash  plate  posi- 
tion  in  the  direction  to  decrease. 

40  Through  the  foregoing  steps  151  -  156,  the 
swash  plate  position  is  so  controlled  as  to  coincide 
with  the  target  position.  Also,  the  above  steps  100  - 
150  are  carried  out  once  for  the  cycle  time  tc, 
resulting  in  that  the  tilting  speed  of  the  swash  plate 

45  1a  is  controlled  to  the  aforesaid  target  speed 
A0AP/tc. 

The  above-explained  control  steps  are  shown 
together  in  Fig.  11  in  the  form  of  blocks.  In  Fig.  11, 
an  entire  control  block  is  indicated  by  200.  A  block 

50  202  corresponds  to  the  step  110,  a  block  201 
corresponds  to  the  step  120,  and  blocks  210-213 
and  203  correspond  to  the  step  130,  respectively. 
Among  these  last  blocks,  the  block  210  corre- 
sponds  to  the  step  131,  the  block  211  corresponds 

55  to  the  step  132,  the  block  212  corresponds  to  the 
step  133,  and  the  blocks  203,  213  correspond  to 
the  step  134,  respectively.  Further,  the  blocks  205, 
206  corresponds  to  the  step  140  and  the  blocks 
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207  -  209  correspond  to  the  step  150. 
Additionally,  functions  of  the  blocks  210  -  213 

and  203  in  the  above  block  diagram  are  shown 
together  in  Fig.  12  as  a  block  214.  More  specifi- 
cally,  the  blocks  210  -  213  and  203  function  to 
determine  the  control  factor  Ki  which  becomes 
larger  as  the  differential  pressure  deviation  A  (AP) 
calculated  from  the  target  differential  pressure  APo 
as  a  variable  value  is  increased,  and  becomes 
smaller  as  it  is  decreased,  and  also  which  becomes 
large  at  a  relatively  small  value  of  the  differential 
pressure  deviation  A  (AP)  when  the  target  differen- 
tial  pressure  APo  is  small.  Accordingly,  in  Fig.  11, 
the  block  202  constitutes  first  means  including  the 
target  differential  pressure  APo  set  as  a  variable 
value.  The  blocks  210  -  213  and  203  constitute 
second  means  for  determining  the  control  factor  Ki 
which  becomes  larger  as  the  differential  pressure 
deviation  A  (AP)  calculated  from  the  target  dif- 
ferential  pressure  APo  as  a  variable  value  is  in- 
creased,  and  becomes  smaller  as  it  is  decreased, 
and  also  which  becomes  large  at  a  relatively  small 
value  of  the  differential  pressure  deviation  A  (AP) 
when  the  target  differential  pressure  APo  is  small. 
The  blocks  205  and  206  constitute  third  means  for 
determining  the  target  displacement  volume  0o 
based  on  the  differential  pressure  deviation  A  (AP) 
calculated  from  the  target  differential  pressure  APo 
as  a  variable  value  and  the  control  factor  Ki. 

When  the  control  lever  3a  of  the  actuator  2  is 
operated  to  open  the  flow  control  valve  3  to  an 
arbitrary  degree  of  opening,  the  differential  pres- 
sure  between  the  pump  delivery  pressure  Pd  and 
the  load  pressure  PL  of  the  actuator  2,  i.e.,  the  LS 
differential  pressure  AP  is  reduced.  This  reduction 
in  the  LS  differential  pressure  AP  is  detected  by 
the  differential  pressure  sensor  5.  In  the  control  unit 
7,  the  deviation  A  (AP)  between  the  detected  LS 
differential  pressure  AP  and  the  target  differential 
pressure  APo  preset  as  a  variable  value  is  cal- 
culated,  following  which  this  differential  pressure 
deviation  A  (AP)  is  multiplied  by  the  control  factor 
Ki  to  determine  the  increment  of  the  swash  plate 
target  position  (tilting  amount),  i.e.,  the  target  tilting 
speed  A0AP  of  the  swash  plate.  Then,  this  incre- 
ment  is  added  to  the  swash  plate  target  value  0o-1 
in  the  last  cycle  to  calculate  the  new  swash  plate 
target  position  0o.  The  swash  plate  is  driven  at  the 
tilting  speed  of  A6AP  so  as  to  make  the  actual 
swash  plate  position  coincident  with  the  swash 
plate  target  position  0o,  thereby  controlling  the  LS 
differential  pressure  AP.  As  a  result,  the  delivery 
rate  of  the  hydraulic  pump  1  is  controlled  so  that 
the  LS  differential  pressure  AP  is  held  at  the  target 
differential  pressure  APo. 

Further,  in  the  above  control  process,  the  con- 
trol  factor  Ki  is  determined  below.  Assuming  now 
that  the  operation  amount  of  the  governer  lever  17 

is  maximized  and  the  target  revolution  speed  Nr  of 
the  prime  mover  15  is  set  to  the  maximum  Nrmax, 
a  large  value,  i.e.,  the  maximum  target  differential 
pressure  APomax,  is  set  as  the  target  differential 

5  pressure  in  the  block  202  of  Fig.  11  correspond- 
ingly,  and  the  first  modifying  factor  KAP  obtained  in 
the  block  210  becomes  1.  This  modifying  factor 
KAp  (=  1)  is  multiplied  by  the  differential  pressure 
deviation  A  (AP)  in  the  block  211.  In  this  case, 

io  because  of  KAP  =  1  ,  the  modified  differential  pres- 
sure  deviation  A  (AP)*  equal  to  the  differential 
pressure  deviation  A  (AP)  is  obtained.  The  second 
modifying  factor  Kr  corresponding  to  that  the  modi- 
fied  differential  pressure  deviation  A  (AP)*is  deter- 

15  mined  in  the  block  212,  and  then  multiplied  by  the 
basic  value  Kio  in  the  block  213  to  determine  the 
control  factor  Ki. 

Accordingly,  assuming  now  that  the  operating 
speed  of  the  control  lever  3a  is  small,  a  reduction 

20  in  the  pump  delivery  pressure  is  small  and  the 
differential  pressure  deviation  A  (AP)  is  also  small, 
thus  resulting  in  that  the  modifying  factor  Kr  cal- 
culated  in  the  block  212  of  Fig.  11  takes  a  small 
value  (<  1),  and  so  does  the  control  coefficient  Ki. 

25  Therefore,  the  swash  plate  target  tilting  speed  A0AP 
also  becomes  small  and  the  swash  plate  1a  is 
driven  at  the  small  tilting  speed.  Consequently, 
even  with  the  opening  of  the  flow  control  valve  3 
being  small,  there  can  be  performed  stable  control 

30  without  making  the  delivery  pressure  of  the  hydrau- 
lic  pump  so  abruptly  changed  as  to  cause  hunting. 

When  the  control  lever  3a  is  operated  at  a 
large  speed  and  the  opening  of  the  flow  control 
valve  3  is  abruptly  increased,  a  reduction  in  the 

35  pump  delivery  pressure  becomes  large  and  the 
differential  pressure  deviation  A  (AP)  also  becomes 
large,  thus  resulting  in  that  the  modifying  coeffi- 
cient  Kr  takes  a  large  value  (=  1),  and  so  does  the 
control  factor  Ki.  Therefore,  the  swash  plate  target 

40  tilting  speed  A0AP  also  becomes  large  and  the 
swash  plate  1a  is  driven  at  the  large  tilting  speed. 
Consequently,  there  can  be  performed  prompt  con- 
trol  free  from  slow  change  in  the  pump  delivery 
pressure.  When  the  pump  delivery  rate  approaches 

45  the  demanded  flow  rate  and  the  differential  pres- 
sure  deviation  A  (AP)  is  reduced,  the  control  factor 
Ki  becomes  small  and  so  does  the  tilting  speed  of 
the  swash  plate  1a.  As  a  result,  the  control  is 
settled  in  a  stable  state  free  from  hunting  similarly 

50  to  the  above-mentioned  case  where  the  operating 
speed  of  the  control  lever  3  is  small. 

Fig.  13  shows  change  in  the  operation  amount 
(opening)  X  of  the  flow  control  valve  3,  the  LS 
differential  pressure  AP,  the  control  factor  Ki  and 

55  the  tilting  amount  6  of  the  swash  plate  1a  over  time 
in  the  above  case  where  the  differential  pressure 
deviation  A  (AP)  is  modified.  In  the  drawing,  one- 
dot  chain  lines  represent  change  in  the  LS  differen- 
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tial  pressure  AP,  the  control  coefficient  Ki  and  the 
tilting  amount  6  of  the  swash  plate  over  time,  when 
the  control  factor  Ki  is  set  at  a  small  constant  value 
so  as  to  perform  stable  control  in  a  region  where 
the  opening  X  of  the  flow  control  valve  is  small.  In 
the  latter  case,  even  when  the  opening  X  of  the 
flow  control  valve  is  quickly  increased,  the  control 
factor  Ki  is  a  small  constant  value  so  that  the  tilting 
speed  of  the  swash  plate  is  also  small,  which 
prolongs  a  period  of  time  required  for  the  differen- 
tial  pressure  AP  to  return  to  the  target  differential 
pressure  APo,  causing  the  operator  to  feel  that  the 
excavator  is  too  slow  in  action. 

On  the  contrary,  in  this  embodiment  repre- 
sented  by  solid  lines  in  Fig.  13,  when  the  opening 
X  of  the  flow  control  valve  3  is  quickly  increased,  a 
reduction  in  the  pump  delivery  pressure  becomes 
large  and  the  differential  pressure  deviation  A  (AP) 
also  becomes  large.  Therefore,  the  control  factor  Ki 
takes  a  larger  value  and  the  tilting  amount  of  the 
swash  plate  1a  is  increased  at  a  larger  tilting 
speed.  When  the  pump  delivery  rate  approaches 
the  demanded  flow  rate  of  the  flow  control  valve  3, 
the  differential  pressure  AP  is  gradually  restored  to 
reduce  the  differential  pressure  deviation  A  (AP). 
Accordingly,  the  control  factor  Ki  is  also  gradually 
decreased  and,  in  a  region  where  the  differential 
pressure  deviation  A  (AP)  becomes  approximately 
zero,  the  control  factor  Ki  takes  a  small  value  so 
that  the  differential  pressure  AP  is  settled  to  the 
target  differential  pressure  APo  in  a  stable  state.  As 
a  result,  a  period  of  time  required  to  reach  the 
demanded  flow  rate  is  shortened  as  compared  with 
the  case  of  setting  the  control  factor  Ki  constant, 
making  it  possible  to  perform  prompt  and  stable 
control  without  impeding  an  acceleration  feeling  of 
the  actuator  2  perceived  by  the  operator. 

Consider  now  the  case  where  the  operator  di- 
minishes  the  operation  amount  of  the  governer 
lever  17  and  sets  small  the  target  revolution  speed 
Nr  of  the  prime  mover  15  with  an  intention  for  the 
fine  speed  operation.  In  this  case,  the  small  target 
differential  pressure  APo  corresponding  to  the  tar- 
get  revolution  speed  thus  set  is  obtained  in  the 
block  202  of  Fig.  11  and  the  large  modifying  factor 
KAP  is  obtained  in  the  block  210  correspondingly. 
Therefore,  the  differential  pressure  deviation  A  - 
(AP)  is  modified  to  become  large  in  the  block  21  1 
and  the  corresponding  modifying  factor  Kr  is  ob- 
tained  in  the  block  212,  following  which  Kr  is  multi- 
plied  by  the  basic  value  Kio  in  the  block  213  to 
determine  the  control  factor  Ki. 

Meanwhile,  because  the  differential  pressure 
deviation  A  (AP)  cannot  exceed  the  target  differen- 
tial  pressure  APo,  as  the  target  differential  pressure 
APo  is  reduced,  a  change  width  of  the  differential 
pressure  deviation  is  also  reduced  correspondingly. 
Accordingly,  when  the  control  lever  is  operated  at  a 

large  speed  to  abruptly  increase  the  opening  of  the 
flow  control  valve  3,  a  reduction  in  the  pump  deliv- 
ery  pressure  becomes  large  and  so  does  the  dif- 
ferential  pressure  deviation  A  (AP).  However,  the 

5  resulting  value  of  the  differential  pressure  deviation 
A  (AP)  is  smaller  than  the  value  of  the  differential 
pressure  deviation  A  (AP)  resulted  when  the  target 
differential  pressure  APo  is  large,  for  example,  at 
APomax.  Accordingly,  if  the  modifying  factor  Kr  is 

io  calculated  using  the  small  differential  pressure  de- 
viation  as  it  is,  a  smaller  value  (<  1)  would  be 
obtained  rather  than  the  maximum  value  Krmax  (  = 
1).  This  reduces  the  differential  pressure  deviation 
A  (AP)  itself  and  hence  the  control  factor  Ki, 

is  whereby  the  target  tilting  speed  A6AP  calculated  in 
the  block  205  becomes  so  small  that  the  pump 
delivery  pressure  is  changed  slowly  and  prompt 
control  cannot  be  provided. 

On  the  contrary,  in  this  embodiment,  since  the 
20  differential  pressure  deviation  A  (AP)  is  modified  to 

become  large  in  the  block  211  and  the  modifying 
factor  Kr  is  determined  using  the  large  modified 
differential  pressure  deviation  A  (AP)*  as  stated 
before,  the  modifying  factor  Kr  is  obtained  as  a 

25  large  value,  i.e.,  the  maximum  value  Krmax  (=  1). 
Therefore,  the  control  factor  Ki  also  takes  a  larger 
value  and  the  target  tilting  speed  A0AP  of  the 
swash  plate  1a  is  increased,  whereby  the  swash 
plate  is  driven  at  a  larger  tilting  speed  as  with  the 

30  case  that  the  target  differential  pressure  APo  is 
large.  As  a  result,  there  can  be  performed  prompt 
control  free  from  slow  change  in  the  pump  delivery 
pressure.  When  the  pump  delivery  rate  approaches 
the  demanded  flow  rate  and  the  differential  pres- 

35  sure  deviation  A  (AP)  is  decreased,  the  control 
factor  Ki  is  also  decreased  to  lower  the  tinting 
speed  of  the  swash  plate  1a  and  the  control  is 
settled  in  a  stable  state  free  from  hunting. 

Fig.  14  shows  change  in  the  operation  amount 
40  (opening)  X  of  the  flow  control  valve  3,  the  LS 

differential  pressure  AP,  the  control  factor  Ki  and 
the  tilting  amount  6  of  the  swash  plate  1a  over  time 
in  the  above  case  where  the  differential  pressure 
deviation  A  (AP)  is  modified.  In  the  drawing,  one- 

45  dot  chain  lines  represent  change  in  the  LS  differen- 
tial  pressure  AP,  the  control  coefficient  Ki  and  the 
tilting  amount  6  of  the  swash  plate  over  time,  when 
the  differential  pressure  deviation  A  (AP)  is  not 
modified  and  control  factor  Ki  is  determined  di- 

50  rectly  therefrom.  In  the  latter  case,  even  when  the 
opening  X  of  the  flow  control  valve  is  quickly 
increased,  change  in  the  differential  pressure  de- 
viation  A  (AP)  is  small  and  the  control  factor  Ki 
becomes  small.  Accordingly,  the  tilting  speed  of 

55  the  swash  plate  is  also  small,  which  prolongs  a 
period  of  time  required  for  the  differential  pressure 
AP  to  return  to  the  target  differential  pressure  APo, 
causing  the  operator  to  feel  that  the  excavator  is 
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too  slow  in  action. 
On  the  contrary,  in  this  embodiment,  since  the 

differential  pressure  deviation  A  (AP)  is  modified  to 
become  large  and  the  modifying  factor  Kr  is  deter- 
mined  using  the  large  modified  differential  pressure 
deviation  A  (AP)*,  the  control  factor  Ki  takes  a 
larger  value  and  the  tilting  amount  of  the  swash 
plate  1a  is  increased  at  a  larger  tilting  speed  as 
indicated  by  solid  lines  in  Fig.  14.  When  the  pump 
delivery  rate  approaches  the  demanded  flow  rate  of 
the  flow  control  valve  3,  the  differential  pressure 
AP  is  gradually  restored  to  reduce  the  differential 
pressure  deviation  A  (AP).  Accordingly,  the  control 
factor  Ki  is  also  gradually  decreased  and,  in  a 
region  where  the  differential  pressure  deviation  A  - 
(AP)  becomes  approximately  zero,  the  control  fac- 
tor  Ki  takes  a  small  value  so  that  the  differential 
pressure  AP  is  settled  to  the  target  differential 
pressure  APo  in  a  stable  state.  In  other  words,  the 
control  can  be  performed  following  substantially  the 
same  change  over  time  as  the  case  where  the 
target  differential  pressure  APo  is  large.  As  a  re- 
sult,  a  period  of  time  required  to  reach  the  de- 
manded  flow  rate  is  shortened  as  compared  with 
the  case  of  not  modifying  the  differential  pressure 
deviation  A  (AP),  making  it  possible  to  perform 
prompt  and  stable  control  without  impeding  an 
acceleration  feeling  of  the  actuator  2  perceived  by 
the  operator. 

Further,  with  the  target  differential  pressure 
APo  set  small  as  mentioned  above,  the  differential 
pressure  between  the  pump  delivery  pressure  and 
the  load  pressure  of  the  actuator  2  is  controlled  so 
as  to  be  coincident  with  that  small  target  differential 
pressure,  the  differential  pressure  across  the  flow 
control  valve  3  is  reduced  by  being  restricted  by 
the  small  differential  pressure  and  the  flow  rate  of 
the  hydraulic  fluid  passing  through  the  flow  control 
valve  3.  Accordingly,  corresponding  to  the  oper- 
ator's  intention  of  lowering  the  revolution  speed  of 
the  prime  mover  to  carry  out  the  fine  speed  opera- 
tion,  the  driving  speed  of  the  actuator  is  decreased 
to  facilitate  the  fine  speed  operation  and  improve 
the  operability. 

With  this  embodiment,  as  explained  above, 
when  the  operating  speed  of  the  flow  control  valve 
is  small  and  the  opening  there  of  is  also  small, 
there  can  be  performed  stable  control  in  which  the 
pump  delivery  pressure  will  not  be  so  abruptly 
changed  as  to  cause  hunting.  When  the  control 
lever  is  operated  at  a  large  speed  to  quickly  in- 
crease  the  opening  of  the  flow  control  valve,  there 
can  be  provided  a  prompt  response  free  from  slow 
change  in  the  delivery  pressure  of  the  hydraulic 
pump  1.  In  addition,  that  effect  can  be  obtained 
irrespective  of  values  of  the  target  differential  pres- 
sure  APo. 

Further,  with  this  embodiment,  since  the  target 
differential  pressure  APo  is  made  smaller  as  the 
revolution  speed  of  the  prime  mover  lowers,  the 
driving  speed  of  the  actuator  is  decreased  cor- 

5  responding  to  the  operator's  intention  of  lowering 
the  revolution  speed  of  the  prime  mover  to  carry 
out  the  fine  speed  operation,  resulting  in  the  advan- 
tage  of  facilitating  the  fine  speed  operation  and 
improving  the  operability. 

io  In  the  above  embodiment,  the  target  differential 
pressure  APo  is  set  as  a  function  of  the  target 
revolution  speed  Nr  of  the  prime  mover  so  that  the 
target  differential  pressure  APo  is  determined  by 
using  the  target  revolution  speed  Nr.  However,  a 

is  revolution  speed  sensor  19  for  detecting  a  revolu- 
tion  speed  Ne  of  the  output  shaft  of  the  engine  15 
may  be  installed  as  indicated  by  imaginary  lines  in 
Fig.  1  to  determine  the  target  differential  pressure 
APo  by  using  the  actual  revolution  speed  (output 

20  revolution  speed)  of  the  engine  15  detected  by  the 
sensor  19.  In  this  case,  the  similar  control  can  be 
performed  as  well.  Alternatively,  since  the  rotation 
of  the  engine  15  is  transmitted  to  the  hydraulic 
pump  1  after  being  reduced  down  in  speed  through 

25  a  speed  reducer  20,  it  is  also  possible  to  install  a 
revolution  speed  sensor  21  for  directly  detecting  a 
reduced  revolution  speed  Np  of  the  hydraulic  pump 
1  and  use  the  detected  revolution  speed  in  deter- 
mining  the  target  differential  pressure  APo. 

30  A  second  embodiment  of  the  present  invention 
will  be  described  below  with  reference  to  Figs.  15 
and  16.  In  these  drawings,  an  entire  control  block  is 
denoted  by  200A  and  the  same  function  blocks  in 
the  block  200A  as  those  in  Fig.  11  are  denoted  by 

35  the  same  reference  numerals. 
This  second  embodiment  is  different  from  the 

above  first  embodiment  in  the  procedure  to  modify 
the  modifying  factor  KAP  used  in  calculating  the 
control  factor  Ki  from  the  differential  pressure  de- 

40  viation  A  (AP).  More  specifically,  in  this  embodi- 
ment,  the  differential  pressure  deviation  A  (AP) 
calculated  in  the  block  201  is  directly  inputted  to 
the  block  212  to  determine  the  modifying  factor  Kr. 
Thereafter,  in  a  block  300,  the  modifying  factor  Kr 

45  is  multiplied  by  the  modifying  factor  KAP  determin- 
ed  in  the  block  210  to  obtain  a  modifying  factor  Kr* 
modified.  The  subsequent  procedure  of  determin- 
ing  the  control  factor  Ki  from  the  modifying  factor 
Kr*  is  the  same  as  that  in  the  above  first  embodi- 

50  ment. 
Functions  of  the  blocks  210,  212,  213  and  300 

in  the  second  embodiment  are  shown  together  in 
Fig.  16  as  a  block  301.  More  specifically,  as  with 
the  block  214  shown  in  Fig.  12,  the  block  301 

55  functions  to  determine  the  control  factor  Ki  which 
becomes  larger  as  the  differential  pressure  de- 
viation  A  (AP)  calculated  from  the  target  differential 
pressure  APo  as  a  variable  value  is  increased,  and 
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becomes  smaller  as  it  is  decreased,  and  also  which 
becomes  large  at  a  relatively  small  value  of  the 
differential  pressure  deviation  A  (AP)  when  the 
target  differential  pressure  APo  is  small.  In  the 
second  embodiment  shown  in  Fig.  15,  the  control 
factor  Ki  is  thereby  modified  dependent  on  change 
in  the  target  differential  pressure  APo  as  with  the 
first  embodiment.  In  other  words,  even  when  the 
target  differential  pressure  APo  becomes  small  and 
the  differential  pressure  deviation  A  (AP)  is  cor- 
respondingly  small,  for  example,  A  (AP)max1, 
upon  the  control  lever  being  operated  at  a  large 
speed,  the  resulting  control  factor  Ki  is  modified 
from  Kimax2  to  a  value  as  large  as  Kimaxl  that  is 
the  maximum  value  in  the  case  where  the  target 
differential  pressure  is  large.  Accordingly,  this  em- 
bodiment  can  also  improve  a  response  at  a  small 
value  of  the  target  differential  pressure  similarly  to 
the  first  embodiment,  and  provide  a  prompt  re- 
sponse  free  from  slow  change  in  the  delivery  pres- 
sure  of  the  hydraulic  pump  1  when  the  control 
lever  is  operated  at  a  large  speed,  thereby  offering 
the  same  advantageous  effect  as  the  first  embodi- 
ment. 

There  are  various  possible  methods  of  modify- 
ing  the  control  factor  Ki  dependent  on  change  in 
the  target  differential  pressure,  and  this  procedure 
may  be  practiced  by  other  method  than  above.  For 
example,  the  differential  pressure  deviation  A  (AP) 
may  be  modified  by  directly  using  the  target  dif- 
ferential  pressure  APo,  or  the  relationship  between 
the  differential  pressure  deviation  A  (AP)  and  the 
modifying  factor  Kr  may  be  set  in  advance,  fol- 
lowed  by  modifying  that  relationship  with  the  modi- 
fying  factor  KAP.  Although  the  control  factor  Ki  has 
been  determined  from  both  the  modifying  factor  Kr 
and  the  basic  value  Kio  of  the  control  factor,  it  may 
be  determined  in  a  direct  manner. 

A  third  embodiment  of  the  present  invention 
will  be  described  below  with  reference  to  Figs.  17 
and  18.  In  these  drawings,  an  entire  control  block  is 
denoted  by  200B  and  the  same  function  blocks  in 
the  block  200B  as  those  in  Fig.  11  are  denoted  by 
the  same  reference  numerals. 

This  third  embodiment  is  different  from  the 
above  first  embodiment  in  the  procedure  of  setting 
the  target  differential  pressure  APo  as  a  variable 
value.  More  specifically,  in  Fig.  17,  inputted  to  a 
block  400  are  the  governer  lever  operation  amount 
signal  Nr  outputted  from  the  governer  angle  sensor 
18  and  corresponding  to  the  target  revolution 
speed  of  the  engine,  as  well  as  a  fluid  (oil)  tem- 
perature  signal  To  from  a  temperature  sensor  401 
for  detecting  a  fluid  temperature  in  the  hydraulic 
circuit  and  a  work  mode  signal  M  from  a  work 
mode  select  switch  402  operated  by  the  operator. 
The  target  differential  pressure  APo  as  a  variable 
value  is  determined  from  those  input  values.  Since 

the  hydraulic  drive  circuit  of  this  embodiment  is 
mounted  on  a  hydraulic  excavator,  it  is  supposed 
that  work  modes  designated  by  the  select  switch 
402  include  normal  work,  groove  digging,  level 

5  pulling  and  crane  work. 
Fig.  18  shows  details  of  the  block  400.  In  Fig. 

18,  a  block  403  serves  to  determine  a  revolution 
speed  modifying  factor  KNr  dependent  on  the  tar- 
get  revolution  speed  Nr  based  on  table  data  stored 

io  in  advance.  The  relationship  between  the  target 
revolution  speed  Nr  and  the  revolution  speed  modi- 
fying  factor  KNr  in  the  table  data  has  such  char- 
acteristics,  like  the  relationship  between  the  target 
revolution  speed  Nr  and  the  target  differential  pres- 

15  sure  APo  shown  in  Fig.  11,  that  KNr  is  increased 
as  Nr  becomes  higher  and  is  decreased  as  Nr 
becomes  lower.  In  this  embodiment,  particularly,  a 
maximum  value  of  KNr  obtained  when  Nr  is  at  a 
maximum  Nrmax  is  set  to  become  1  . 

20  The  reason  of  so  setting  the  relationship  be- 
tween  the  target  revolution  speed  Nr  and  the  revo- 
lution  speed  modifying  factor  KNr  is  in  modifying 
metering  characteristics  of  the  flow  control  valve 
such  that  the  flow  rate  of  the  hydraulic  fluid  sup- 

25  plied  to  the  actuator  at  a  small  value  of  Nr  is 
reduced  corresponding  to  the  operator's  intention 
of  lowering  the  revolution  speed  of  the  prime  mov- 
er  to  carry  out  the  fine  speed  operation,  as  with  the 
relationship  between  the  target  revolution  speed  Nr 

30  and  the  target  differential  pressure  APo,  thereby 
facilitating  the  fine  speed  operation. 

Further,  a  block  404  serves  to  determine  a  fluid 
temperature  modifying  factor  KTo  dependent  on 
the  fluid  temperature  To  based  on  table  data  stored 

35  in  advance.  The  relationship  between  the  fluid  tem- 
perature  To  and  the  fluid  temperature  modifying 
factor  KTo  in  the  table  data  has  such  characteris- 
tics  that  KTo  is  decreased  as  To  becomes  higher 
and  is  increased  as  To  becomes  lower.  In  this 

40  embodiment,  particularly,  a  minimum  value  of  KTo 
obtained  when  To  is  approximately  at  40  °C  as  a 
normal  fluid  temperature  is  set  to  become  1  . 

The  reason  of  so  setting  the  relationship  be- 
tween  the  fluid  temperature  To  and  the  fluid  tem- 

45  perature  modifying  factor  KTo  is  as  follows.  When 
the  ambient  temperature  is  lowered  and  viscosity 
of  the  hydraulic  fluid  in  the  hydraulic  circuit  is 
increased,  the  pump  delivery  rate  at  the  same 
target  differential  pressure  APo  is  reduced  due  to 

50  the  viscous  resistance.  Thus,  by  so  setting  the 
relationship,  such  an  influence  caused  by  viscosity 
can  be  canceled  out. 

Additionally,  a  block  405  serves  to  determine  a 
target  differential  pressure  APoo  dependent  on  the 

55  work  mode  signal  M  based  on  table  data  stored  in 
advance.  As  versions  of  the  target  differential  pres- 
sure  APoo,  there  are  stored  a  target  differential 
pressure  APo1  used  when  the  work  mode  signal  M 
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designates  normal  work  of  the  hydraulic  excavator, 
a  target  differential  pressure  APo2  used  when  it 
designates  groove  digging,  a  target  differential 
pressure  APo3  used  when  it  designates  level  pull- 
ing,  and  a  target  differential  pressure  APo4  used 
when  it  designates  crane  work.  These  target  dif- 
ferential  pressures  are  set  in  the  relationship  of 
APo2  >  Po1  >  Po3  >  Po4. 

The  reason  of  making  the  differential  pressures 
different  from  each  other  dependent  on  the  con- 
tents  of  work  is  in  that  the  driving  amount  and 
operating  speed  demanded  for  the  actuator  are 
different  for  each  kind  of  work.  By  way  of  example, 
in  the  crane  work  requiring  fine  speed  operation, 
the  target  differential  pressure  APo4  is  set  to  a 
minimum  value  for  facilitating  the  fine  speed  opera- 
tion.  In  the  groove  digging  requiring  a  high  boom- 
up  speed,  the  target  differential  pressure  APo1  is 
set  to  a  maximum  value  for  lifting  a  boom  fast.  By 
so  changing  the  target  differential  pressure  depen- 
dent  on  the  contents  of  work,  the  working  efficiency 
can  be  improved  remarkably. 

The  target  differential  pressure  APoo  deter- 
mined  in  the  block  405  is  inputted  to  a  block  406 
where  the  target  differential  pressure  APoo  is  multi- 
plied  by  the  revolution  speed  modifying  factor  KNr 
obtained  in  the  block  403  to  determine  a  target 
differential  pressure  APoo*.  In  a  block  407,  this 
target  differential  pressure  APoo*  is  then  multiplied 
by  the  fluid  temperature  modifying  factor  KTo  ob- 
tained  in  the  block  404  to  determine  the  target 
differential  pressure  APo. 

The  subsequent  procedure  of  determining  the 
control  factor  Ki  after  the  calculation  of  the  target 
differential  pressure  APo  is  the  same  as  that  in  the 
first  embodiment. 

Consequently,  as  with  the  first  embodiment, 
this  embodiment  can  also  provide  a  prompt  re- 
sponse  free  from  slow  change  in  the  delivery  pres- 
sure  of  the  hydraulic  pump  1  no  matter  what  a 
value  of  the  target  differential  pressure  APo. 

Further,  with  this  embodiment,  since  the  target 
differential  pressure  APo  is  changed  dependent  on 
not  only  the  revolution  speed  of  the  prime  mover, 
but  also  the  temperature  of  the  hydraulic  fluid  and 
the  work  mode,  the  fine  speed  operation  is  facili- 
tated  corresponding  to  the  operator's  intention  of 
lowering  the  revolution  speed  of  the  prime  mover 
to  carry  out  the  fine  speed  operation,  like  the  first 
embodiment.  Moreover,  an  influence  of  the  fluid 
temperature  on  viscosity  of  the  hydraulic  fluid  can 
be  canceled  out  to  prevent  a  reduction  in  the 
driving  speed  of  the  actuator  even  during  works 
under  the  low-temperature  environment  such  as  in 
winter  or  a  cold  area,  and  optimum  metering  char- 
acteristics  dependent  on  the  contents  of  work  can 
be  provided,  thereby  remarkably  improving  the 
operability  and  the  working  efficiency. 

INDUSTRIAL  APPLICABILITY 

According  to  the  present  invention,  even  in  the 
case  of  setting  the  target  differential  pressure  as  a 

5  variable  value,  it  is  possible  to  make  control,  not 
slow  in  a  response,  under  the  optimum  pump  deliv- 
ery  pressure  without  causing  hunting. 

When  the  operator  lowers  the  revolution  speed 
of  the  prime  mover  with  an  intention  of  doing  fine 

io  speed  operation  of  the  actuator,  the  target  differen- 
tial  pressure  becomes  small  with  the  reduced  revo- 
lution  speed  of  the  prime  mover.  This  also  reduces 
the  flow  rate  of  the  hydraulic  fluid  supplied  to  the 
actuator,  making  it  possible  to  facilitate  the  fine 

is  speed  operation  corresponding  to  the  operator's 
intention  and  improve  the  operability. 

Further,  since  the  target  differential  pressure 
becomes  large  in  works  under  the  low-temperature 
environment,  it  is  possible  to  prevent  a  reduction  in 

20  the  flow  rate  of  the  hydraulic  fluid  supplied  to  the 
actuator  and  thus  improve  the  working  efficiency. 

In  addition,  since  the  optimum  target  differen- 
tial  pressure  is  set  dependent  on  the  work  mode, 
optimum  metering  characteristics  dependent  on  the 

25  contents  of  work  can  be  provided  to  further  im- 
prove  the  working  efficiency. 

Claims 

30  1.  A  control  system  for  a  hydraulic  pump  in  a 
hydraulic  drive  circuit  of  load  sensing  control 
type  comprising  at  least  one  hydraulic  pump 
(1)  of  displacement  volume  type,  at  least  one 
hydraulic  actuator  (2)  driven  by  a  hydraulic 

35  fluid  delivered  from  said  hydraulic  pump,  and  a 
flow  control  valve  (3)  connected  between  said 
hydraulic  pump  and  said  actuator  for  control- 
ling  a  flow  rate  of  the  hydraulic  fluid  supplied 
to  said  actuator,  wherein  a  target  displacement 

40  volume  is  determined  based  on  a  differential 
pressure  deviation  A  (AP)  between  a  differen- 
tial  pressure  AP,  in  turn  between  a  delivery 
pressure  of  said  hydraulic  pump  and  a  load 
pressure  of  said  actuator,  and  a  target  differen- 

45  tial  pressure  is  determined  APo,  and  a  dis- 
placement  volume  of  said  hydraulic  pump  is 
controlled  so  that  said  differential  pressure  be- 
tween  the  delivery  pressure  and  the  load  pres- 
sure  is  held  at  said  target  differential  pressure, 

50  said  control  system  for  a  hydraulic  pump  being 
characterized  by: 

(a)  first  means  (202)  including  said  target 
differential  pressure  APo  set  as  a  variable 
value; 

55  (b)  second  means  (203,  210  -  213)  for  de- 
termining  a  control  factor  Ki  that  becomes 
larger  as  said  differential  pressure  deviation 
calculated  from  said  target  differential  pres- 
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sure  APo  as  a  variable  value  is  increased, 
and  becomes  smaller  as  said  differential 
pressure  deviation  is  decreased,  and  also 
that  becomes  large  at  a  relatively  small 
value  of  said  differential  pressure  deviation 
when  said  target  differential  pressure  is 
small;  and 
(c)  third  means  (205,  206)  for  determining 
said  target  displacement  volume  based  on 
said  differential  pressure  deviation  calculat- 
ed  from  said  target  differential  pressure 
APo  as  a  variable  value  and  said  control 
factor  Ki. 

2.  A  control  system  for  a  hydraulic  pump  accord- 
ing  to  claim  1,  wherein  said  second  means 
comprises  fourth  means  (210,  211)  for  deter- 
mining  a  modified  differential  pressure  devi- 
ation  A  (AP)*  which  is  larger  than  said  differen- 
tial  pressure  deviation  A  (AP)  when  said  target 
differential  pressure  APo  is  small,  and  fifth 
means  (203,  212,  213)  for  determining  said 
control  factor  Ki  based  on  said  modified  dif- 
ferential  pressure  deviation. 

5.  A  control  system  for  a  hydraulic  pump  accord- 
ing  to  claim  1,  wherein  said  second  means 
comprises  means  (210)  for  calculating  a  first 
modifying  factor  KAP  that  becomes  larger  as 
said  target  differential  pressure  APo  is  de- 
creased,  means  (212)  for  calculating,  from  said 
differential  pressure  deviation  A  (AP),  a  sec- 
ond  modifying  factor  Kr  that  becomes  larger  as 
said  differential  pressure  deviation  is  in- 

creased,  and  becomes  smaller  as  said  dif- 
ferential  pressure  deviation  is  decreased,  and 
means  (300)  for  multiplying  said  first  modifying 
factor  KAP  by  said  second  modifying  factor  Kr 

5  to  calculate  said  control  factor  Ki. 

6.  A  control  system  for  a  hydraulic  pump  accord- 
ing  to  claim  1,  wherein  said  second  means 
comprises  means  (210  -  212;  210,  212,  300) 

io  for  calculating  a  second  modifying  factor  Kr* 
that  becomes  larger  as  said  differential  pres- 
sure  deviation  is  increased,  and  becomes 
smaller  as  said  differential  pressure  deviation 
is  decreased,  and  also  that  becomes  large  at  a 

is  relatively  small  value  of  said  differential  pres- 
sure  deviation  when  said  target  differential 
pressure  is  small,  means  (203)  including  a 
basic  control  factor  set  in  advance  Kio,  and 
means  (213)  for  multiplying  said  basic  control 

20  factor  by  said  second  modifying  factor  to  cal- 
culate  said  control  factor  Ki. 

7.  A  control  system  for  a  hydraulic  pump  accord- 
ing  to  claim  1,  further  comprising  means  (18) 

25  for  detecting  a  revolution  speed  Nr  of  a  prime 
mover  (15)  to  drive  said  hydraulic  pump, 
wherein  said  first  means  (202)  sets  said  target 
differential  pressure  APo  as  a  value  that  be- 
comes  larger  as  said  detected  revolution 

30  speed  is  increased,  and  becomes  smaller  as 
said  detected  revolution  speed  is  decreased. 

8.  A  control  system  for  a  hydraulic  pump  accord- 
ing  to  claim  1,  further  comprising  means  (401) 

35  for  detecting  a  temperature  of  the  hydraulic 
fluid  in  said  hydraulic  drive  circuit,  wherein 
said  first  means  (404,  407)  sets  said  target 
differential  pressure  as  a  value  that  becomes 
smaller  as  said  detected  fluid  temperature  is 

40  raised,  and  becomes  larger  as  said  detected 
fluid  temperature  is  lowered. 

9.  A  control  system  for  a  hydraulic  pump  accord- 
ing  to  claim  1  ,  further  comprising  means  (402) 

45  for  outputting  a  work  mode  signal  to  designate 
a  work  mode  of  a  hydraulic  machine  mounting 
said  hydraulic  drive  circuit  thereon,  wherein 
said  first  means  (405)  stores  a  plurality  of 
different  target  differential  pressures  respec- 

50  tively  corresponding  to  a  plurality  of  work 
modes  and  selects  the  target  differential  pres- 
sure  corresponding  to  the  work  mode  des- 
ignated  by  said  work  mode  signal. 

55  10.  A  control  system  for  a  hydraulic  pump  accord- 
ing  to  claim  1,  further  comprising  means  (18) 
for  detecting  a  revolution  speed  of  a  prime 
mover  to  drive  said  hydraulic  pump,  means 

3.  A  control  system  for  a  hydraulic  pump  accord- 
ing  to  claim  2,  wherein  said  fourth  means 
comprises  means  (210)  for  calculating  a  first 
modifying  factor  KAP  that  becomes  larger  as 
said  target  differential  pressure  APo  is  de-  30 
creased,  and  means  (211)  for  multiplying  said 
differential  pressure  deviation  A  (AP)  by  said 
first  modifying  factor  to  determine  said  modi- 
fied  differential  pressure  deviation. 

35 
4.  A  control  system  for  a  hydraulic  pump  accord- 

ing  to  claim  2,  wherein  said  fifth  means  com- 
prises  means  (212)  for  calculating,  from  said 
modified  differential  pressure  deviation  A  (AP)- 
*,  a  second  modifying  factor  Kr  that  becomes  40 
larger  as  said  modified  differential  pressure 
deviation  is  increased,  and  becomes  smaller 
as  said  modified  differential  pressure  deviation 
is  decreased,  means  (203)  including  a  basic 
control  factor  Kio  set  in  advance,  and  means  45 
(213)  for  multiplying  said  basic  control  factor 
by  said  second  modifying  factor  to  calculate 
said  control  factor  Ki. 
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(401)  for  detecting  a  temperature  of  the  hy- 
draulic  fluid  in  said  hydraulic  drive  circuit,  and 
means  (402)  for  outputting  a  work  mode  signal 
to  designate  a  work  mode  of  a  hydraulic  ma- 
chine  mounting  said  hydraulic  drive  circuit 
thereon,  wherein  said  first  means  comprises 
means  (403)  for  calculating  a  revolution  speed 
modifying  factor  that  becomes  larger  as  said 
detected  revolution  speed  is  increased,  and 
becomes  smaller  as  said  detected  revolution 
speed  is  decreased,  means  (404)  for  calculat- 
ing  a  fluid  temperature  modifying  factor  that 
becomes  smaller  as  said  detected  fluid  tem- 
perature  is  raised,  and  becomes  larger  as  said 
detected  fluid  temperature  is  lowered,  means 
(405)  for  storing  a  plurality  of  different  target 
differential  pressures  respectively  correspond- 
ing  to  a  plurality  of  work  modes  and  selecting 
the  target  differential  pressure  corresponding 
to  the  work  mode  designated  by  said  work 
mode  signal,  and  means  (406,  407)  for  cal- 
culating  said  target  differential  pressure  APo 
as  a  variable  value  from  said  target  differential 
pressure  corresponding  to  the  designated  work 
mode,  said  revolution  speed  modifying  factor 
and  said  fluid  temperature  modifying  factor. 

11.  A  control  system  for  a  hydraulic  pump  accord- 
ing  to  claim  1,  wherein  said  third  means  com- 
prises  means  (205)  for  multiplying  said  dif- 
ferential  pressure  deviation  A  (AP)  by  said 
control  factor  Ki  to  calculate  a  target  change 
speed  of  said  displacement  volume,  and 
means  (206)  for  adding  said  target  change 
speed  to  the  target  displacement  volume  0o-1 
obtained  in  the  last  cycle  to  determine  a  new 
target  displacement  volume  0o. 

Patentanspruche 

1.  Steuerungssystem  fur  eine  Hydraulikpumpe  in 
einer  lastgesteuerten  hydraulischen  Antriebs- 
schaltung,  mit  mindestens  einer  Hydraulikpum- 
pe  (1)  mit  verstellbarem  Verdrangungsvolu- 
men,  mindestens  einem  hydraulischen  Stell- 
glied  (2),  das  durch  ein  von  der  Hydraulikpum- 
pe  gefordertes  Hydraulikfluid  angetrieben  wird, 
und  einem  Stromventil  (3)  zwischen  der  Hy- 
draulikpumpe  und  dem  Stellglied  zur  Steue- 
rung  einer  Stromungsmenge  des  dem  Stell- 
glied  zugefuhrten  Hydraulikfluids,  wobei  ein 
Soll-Verdrangungsvolumen  auf  der  Grundlage 
einer  Differenzdruckabweichung  A(AP)  zwi- 
schen  einem  Differenzdruck  AP  zwischen  ei- 
nem  Forderdruck  der  Hydraulikpumpe  und  ei- 
nem  Lastdruck  des  Stellglieds  und  einem  Soll- 
Differenzdruck  AP0  bestimmt  und  ein  Verdran- 
gungsvolumen  der  Hydraulikpumpe  so  gesteu- 

ert  wird,  daB  der  Differenzdruck  zwischen  dem 
Forderdruck  und  dem  Lastdruck  auf  dem  Soll- 
Differenzdruck  gehalten  wird, 
gekennzeichnet  durch 

5  (a)  eine  erste  Einrichtung  (202),  die  den  als 
eine  variable  GroBe  gesetzten  Soll-Diffe- 
renzdruck  AP0  enthalt; 
(b)  eine  zweite  Einrichtung  (203,  210-213) 
zur  Bestimmung  eines  Steuerfaktors  Kj,  der 

io  groBer  wird,  wenn  die  aus  dem  Soll-Diffe- 
renzdruck  AP0  als  eine  variable  GroBe  be- 
rechnete  Differenzdruckabweichung  an- 
steigt,  und  kleiner  wird,  wenn  die  Differenz- 
druckabweichung  abnimmt,  sowie  ferner  bei 

is  einem  relativ  kleinen  Wert  der  Differenz- 
druckabweichung  groB  wird,  wenn  der  Soll- 
Differenzdruck  klein  ist;  und 
(c)  eine  dritte  Einrichtung  (205,  206)  zur 
Bestimmung  des  Soll-Verdrangungsvolu- 

20  mens  auf  der  Grundlage  der  aus  Soll-Diffe- 
renzdruck  AP0  als  eine  variable  GroBe  und 
Steuerfaktor  Kj  berechneten  Differenzdruck- 
abweichung. 

25  2.  Steuerungssystem  fur  eine  Hydraulikpumpe 
nach  Anspruch  1,  bei  dem  die  zweite  Einrich- 
tung  eine  vierte  Einrichtung  (210,  211)  zur  Be- 
stimmung  einer  modifizierten  Differenzdruckab- 
weichung  A(AP)*  aufweist,  die  bei  kleinem 

30  Soll-Differenzdruck  AP0  groBer  als  die  Diffe- 
renzdruckabweichung  A(AP)  ist,  und  eine  funf- 
te  Einrichtung  (203,  212,  213)  zur  Bestimmung 
des  Steuerfaktors  Kj  auf  der  Grundlage  der 
modifizierten  Differenzdruckabweichung  urn- 

35  faBt. 

3.  Steuerungssystem  fur  eine  Hydraulikpumpe 
nach  Anspruch  2,  bei  dem  die  vierte  Einrich- 
tung  eine  Einrichtung  (210)  zur  Berechnung 

40  eines  mit  sinkendem  Soll-Differenzdruck  AP0 
groBer  werdenden  ersten  Korrekturfaktors  KAP 
und  eine  Einrichtung  (211)  zum  Multiplizieren 
der  Differenzdruckabweichung  A(AP)  mit  dem 
ersten  Korrekturfaktor  zur  Bestimmung  der  mo- 

45  difizierten  Differenzdruckabweichung  aufweist. 

4.  Steuerungssystem  fur  eine  Hydraulikpumpe 
nach  Anspruch  2,  bei  dem  die  funfte  Einrich- 
tung  eine  Einrichtung  (212)  zur  Berechnung 

50  eines  mit  einer  ansteigenden  modifizierten  Dif- 
ferenzdruckabweichung  groBer  werdenden  und 
mit  einer  abfallenden  modifizierten  Druckdiffe- 
renzabweichung  kleiner  werdenden  Korrektur- 
faktors  Kr  aus  der  modifizierten  Differenzdruck- 

55  abweichung  A(AP)*,  eine  Einrichtung  (203)  mit 
einem  im  voraus  gesetzten  Grundsteuerfaktor 
Ki0  und  eine  Einrichtung  (213)  zum  Multiplizie- 
ren  des  Grundsteuerfaktors  mit  dem  zweiten 
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Korrekturfaktor  zur  Berechnung  des  Steuerfak- 
tors  Kj  aufweist. 

5.  Steuerungssystem  fur  eine  Hydraulikpumpe 
nach  Anspruch  1,  bei  dem  die  zweite  Einrich- 
tung  eine  Einrichtung  (210)  zur  Berechnung 
eines  mit  abnehmendem  Differenzdruck  AP0 
groBer  werdenden  Korrekturfaktors  KAP,  eine 
Einrichtung  (212)  zur  Berechnung  eines  mit 
steigender  Differenzdruckabweichung  groBer 
und  mit  abnehmender  Differenzdruckabwei- 
chung  kleiner  werdenden  zweiten  Korrekturfak- 
tors  Kr  aus  der  Differenzdruckabweichung  A- 
(AP),  und  eine  Einrichtung  (300)  zum  Multipli- 
zieren  des  ersten  Korrekturfaktors  KAP  mit  dem 
zweiten  Korrekturfaktor  Kr  zur  Berechnung  des 
Steuerfaktors  Kj  aufweist. 

6.  Steuerungssystem  fur  eine  Hydraulikpumpe 
nach  Anspruch  1,  bei  dem  die  zweite  Einrich- 
tung  eine  Einrichtung  (210-212;  210,  212,  300) 
zur  Berechnung  eines  zweiten  Korrekturfaktors 
Kr*  aufweist,  der  mit  steigender  Differenzdruck- 
abweichung  groBer  und  mit  abnehmender  Dif- 
ferenzdruckabweichung  kleiner  sowie  ferner 
bei  einem  relativ  kleinen  Wert  der  Differenz- 
druckabweichung  groB  wird,  wenn  der  Soll- 
Differenzdruck  klein  ist,  sowie  Mittel  (203)  mit 
einem  im  voraus  gesetzten  Grundsteuerfaktor 
Ki0  und  eine  Einrichtung  (213)  zum  Multiplizie- 
ren  des  Grundsteuerfaktors  mit  dem  zweiten 
Korrekturfaktor  zur  Berechnung  des  Steuerfak- 
tors  Kj  umfaBt. 

7.  Steuerungssystem  fur  eine  Hydraulikpumpe 
nach  Anspruch  1,  das  ferner  eine  Einrichtung 
(18)  zur  Erfassung  einer  Drehzahl  eines  An- 
triebsaggregats  (15)  zum  Antrieb  der  Hydrau- 
likpumpe  umfaBt,  wobei  die  erste  Einrichtung 
(202)  den  Soll-Differenzdruck  AP0  als  einen 
Wert  setzt,  der  groBer  wird,  wenn  die  erfaBte 
Drehzahl  ansteigt,  und  kleiner  wird,  wenn  die 
erfaBte  Drehzahl  absinkt. 

8.  Steuerungssystem  fur  eine  Hydraulikpumpe 
nach  Anspruch  1,  das  ferner  eine  Einrichtung 
(401)  zur  Erfassung  einer  Temperatur  des  Hy- 
draulikfluids  in  der  hydraulischen  Antriebs- 
schaltung  aufweist,  wobei  die  erste  Einrichtung 
(404,  407)  den  Soll-Differenzdruck  als  einen 
Wert  setzt,  der  kleiner  wird,  wenn  die  erfaBte 
Fluidtemperatur  ansteigt,  und  groBer  wird, 
wenn  die  erfaBte  Fluidtemperatur  sinkt. 

9.  Steuerungssystem  fur  eine  Hydraulikpumpe 
nach  Anspruch  1,  das  ferner  eine  Einrichtung 
(402)  zur  Ausgabe  eines  Betriebssignals  zur 
Angabe  einer  Betriebsart  einer  hydraulischen 

Maschine  mit  einer  daran  angeordneten  hy- 
draulischen  Antriebsschaltung  aufweist,  wobei 
die  erste  Einrichtung  (405)  mehrere  unter- 
schiedliche  Soll-Differenzdrucke  entsprechend 

5  einer  Vielzahl  von  Betriebsarten  speichert  und 
den  Soll-Differenzdruck  entsprechend  der 
durch  das  Betriebssignal  angegebenen  Be- 
triebsart  auswahlt. 

io  10.  Steuerungssystem  fur  eine  Hydraulikpumpe 
nach  Anspruch  1,  das  ferner  eine  Einrichtung 
(18)  zur  Erfassung  einer  Drehzahl  eines  An- 
triebsaggregats  zum  Antrieb  der  Hydraulik- 
pumpe,  eine  Einrichtung  (401)  zur  Erfassung 

is  einer  Temperatur  des  Hydraulikfluids  in  der 
hydraulischen  Antriebsschaltung  und  eine  Ein- 
richtung  (402)  zur  Ausgabe  eines  Betriebssi- 
gnals  zur  Angabe  einer  Betriebsart  einer  hy- 
draulischen  Maschine  mit  der  daran  angeord- 

20  neten  hydraulischen  Antriebsschaltung  auf- 
weist,  wobei  die  erste  Einrichtung  eine  Einrich- 
tung  (403)  zur  Berechnung  eines  mit  steigen- 
der  Drehzahl  groBer  werdenden  und  mit  fallen- 
der  Drehzahl  kleiner  werdenden  Drehzahl-Kor- 

25  rektorfaktors,  eine  Einrichtung  (404)  zur  Be- 
rechnung  eines  mit  ansteigender  Temperatur 
kleiner  werdenden  und  mit  fallender  Tempera- 
tur  groBer  werdenden  Temperatur-Korrektur- 
faktors,  eine  Einrichtung  (405)  zur  Speicherung 

30  mehrerer  unterschiedlicher  Soll-Differenzdruk- 
ke  entsprechend  einer  Vielzahl  von  Betriebsar- 
ten  und  zur  Auswahl  des  Soll-Differenzdrucks 
entsprechend  der  durch  das  Betriebssignal  an- 
gegebenen  Betriebsart,  und  eine  Einrichtung 

35  (406,  407)  zur  Berechnung  des  Soll-Differenz- 
drucks  AP0  als  ein  variabler  Wert  aus  dem 
Soll-Differenzdruck  entsprechend  der  angege- 
benen  Betriebsart,  dem  Drehzahl-Korrekturfak- 
tor  und  dem  Fluidtemperatur-Korrekturfaktor 

40  aufweist. 

11.  Steuerungssystem  fur  eine  Hydraulikpumpe 
nach  Anspruch  1,  bei  dem  die  dritte  Einrich- 
tung  eine  Einrichtung  (205)  zum  Multiplizieren 

45  der  Differenzdruckabweichung  A(AP)  mit  dem 
Steuerfaktor  Kj  zur  Berechnung  einer  Sollge- 
schwindigkeit  zur  Anderung  des  Verdran- 
gungsvolumens  und  eine  Einrichtung  (206)  zur 
Addition  der  Soll-Anderungsgeschwindigkeit  zu 

50  dem  im  vorhergehenden  Zyklus  ermittelten 
Verdrangungsvolumen  60-1  fur  die  Bestim- 
mung  eines  neuen  Soll-Verdrangungsvolumens 
6o  aufweist. 

55  Revendicatlons 

1.  Dispositif  de  commande  pour  une  pompe  hy- 
draulique  dans  un  circuit  d'entraTnement  hy- 

18 



33 EP  0  504  415  B1 34 

draulique  du  type  commande  avec  detection 
de  charge  qui  comprend  an  moins  une  pompe 
hydraulique  (1)  du  type  volumetrique,  au  moins 
un  actionneur  hydraulique  (2)  actionne  par  un 
fluide  hydraulique  refoule  par  ladite  pompe  hy- 
draulique,  et  une  vanne  (3)  de  commande  du 
debit  branchee  entre  ladite  pompe  hydraulique 
et  ledit  actionneur  pour  commander  le  debit  du 
fluide  hydraulique  envoye  audit  actionneur, 
dans  lequel  une  cylindree  cible  est  determinee 
a  partir  d'un  ecart  A(AP)  de  pression  differen- 
tielle  entre  une  pression  differentielle  AP,  elle- 
meme  difference  entre  la  pression  de  refoule- 
ment  de  ladite  pompe  hydraulique  et  la  pres- 
sion  de  charge  dudit  actionneur,  et  une  pres- 
sion  differentielle  cible  AP0,  et  la  cylindree  de 
ladite  pompe  hydraulique  est  commandee  pour 
que  ladite  pression  differentielle  entre  la  pres- 
sion  de  refoulement  et  la  pression  de  charge 
soit  maintenue  a  ladite  pression  differentielle 
cible,  ledit  dispositif  de  commande  de  la  pom- 
pe  hydraulique  etant  caracterise  par  : 

(a)  des  premiers  moyens  (202)  qui  contien- 
nera  ladite  pression  differentielle  cible  AP0 
definie  comme  une  grandeur  variable, 
(b)  des  seconds  moyens  (203,  210-213) 
pour  determiner  un  facteur  de  commande  Kj 
qui  augmente  a  masure  que  ledit  ecart  de 
pression  differentielle  calcule  par  rapport  a 
ladite  pression  differentielle  cible  AP0  defi- 
nie  comme  une  valeur  variable  augmente, 
qui  diminue  a  mesure  que  ledit  ecart  de 
pression  differentielle  diminue  et  qui  devient 
egalement  important  pour  une  valeur  relati- 
vement  faible  dudit  ecart  de  pression  diffe- 
rentielle  quand  ladite  pression  differentielle 
cible  est  faible,  et 
(c)  des  troisiemes  moyens  (205,  206)  pour 
determiner  ladite  cylindree  cible  en  se  ba- 
sant  sur  ledit  ecart  de  pression  differentielle 
calcule  par  rapport  a  ladite  pression  diffe- 
rentielle  cible  AP0  prise  comme  une  valeur 
variable  et  sur  ledit  facteur  de  commande 
K, 

2.  Dispositif  de  commande  d'une  pompe  hydrau- 
lique  selon  la  revendication  1,  dans  lequel  les- 
dits  seconds  moyens  comprennent  des  qua- 
triemes  moyens  (210,  211)  determinant  un 
ecart  modifie  A(AP)*  de  pression  differentielle 
qui  est  plus  grand  que  ledit  ecart  de  pression 
differentielle  A(AP)  quand  ladite  pression  diffe- 
rentielle  cible  AP0  est  faible,  et  des  cinquie- 
mes  moyens  (203,  212,  213)  pour  determiner 
ledit  facteur  de  commande  Kj  en  se  basant  sur 
ledit  ecart  de  pression  differentielle  modifie. 

3.  Dispositif  de  commande  d'une  pompe  hydrau- 
lique  selon  la  revendication  2,  dans  lequel  les- 
dits  quatriemes  moyens  comprennent  des 
moyens  (210)  pour  calculer  un  premier  facteur 

5  de  modification  KAP  qui  augmente  a  mesure 
que  ladite  pression  differentielle  cible  AP0  di- 
minue  et  des  moyens  (211)  pour  multiplier 
ledit  ecart  de  pression  differentielle  A(AP)  par 
ledit  premier  facteur  de  modification  afin  de 

io  determiner  ledit  ecart  de  pression  differentielle 
modifie. 

4.  Dispositif  de  commande  d'une  pompe  hydrau- 
lique  selon  la  revendication  2,  dans  lequel  les- 

15  dits  cinquiemes  moyens  comprennent  des 
moyens  (212)  pour  calculer,  a  partir  dudit  ecart 
de  pression  differentielle  modifie  A(AP)*,  un 
second  facteur  de  modification  Kr  qui  augmen- 
te  a  mesure  que  ledit  ecart  de  pression  diffe- 

20  rentielle  modifie  augmente  et  qui  diminue  a 
mesure  que  ledit  ecart  de  pression  differentiel- 
le  modifie  diminue,  des  moyens  (203)  incluant 
un  facteur  de  commande  de  base  Ki0  etabli  a 
I'avance  et  des  moyens  (213)  pour  multiplier 

25  ledit  facteur  de  commande  de  base  par  ledit 
second  facteur  de  modification  afin  de  calculer 
ledit  facteur  de  commande  Kj. 

5.  Dispositif  de  commande  d'une  pompe  hydrau- 
30  lique  selon  la  revendication  1,  dans  lequel  les- 

dits  seconds  moyens  comprennent  des 
moyens  (210)  pour  calculer  un  premier  facteur 
de  modification  KAP  qui  augmente  a  mesure 
que  ladite  pression  differentielle  cible  AP0  di- 

35  minue,  des  moyens  (212)  pour  calculer,  a  par- 
tir  dudit  ecart  de  pression  differentielle  A(AP), 
un  second  facteur  de  modification  Kr  qui  aug- 
mente  a  mesure  que  ledit  ecart  de  pression 
differentielle  augmente  et  qui  diminue  a  mesu- 

40  re  que  ledit  ecart  de  pression  differentielle 
diminue,  et  des  moyens  (300)  pour  multiplier 
ledit  premier  facteur  de  modification  KAP  par 
ledit  second  facteur  de  modification  Kr  afin  de 
calculer  ledit  facteur  de  commande  Kj. 

45 
6.  Dispositif  de  commande  d'une  pompe  hydrau- 

lique  selon  la  revendication  1,  dans  lequel  les- 
dits  seconds  moyens  comprennent  des 
moyens  (210-212;  210,  212,  300)  pour  calculer 

50  un  second  facteur  de  modification  Kr*  qui  aug- 
mente  a  mesure  que  ledit  ecart  de  pression 
differentielle  augmente  et  qui  diminue  a  mesu- 
re  que  ledit  ecart  de  pression  differentielle 
diminue,  et  qui  devient  egalement  important 

55  pour  une  valeur  relativement  faible  dudit  ecart 
de  pression  differentielle  quand  ladite  pression 
differentielle  cible  est  faible,  des  moyens  (203) 
incluant  un  facteur  de  commande  de  base  Ki0 
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etabli  a  I'avance  et  des  moyens  (213)  pour 
multiplier  ledit  facteur  de  commande  de  base 
par  ledit  second  facteur  de  modification  afin  de 
calculer  ledit  facteur  de  commande  Kj. 

5 
7.  Dispositif  de  commande  d'une  pompe  hydrau- 

lique  selon  la  revendication  1,  comprenant  en 
outre  des  moyens  (18)  pour  detecter  la  vitesse 
de  rotation  Nr  d'une  machine  motrice  (15)  qui 
entraTne  ladite  pompe  hydraulique,  dans  lequel  10 
ledit  premier  moyen  (202)  etablit  ladite  pres- 
sion  differentielle  cible  AP0  comme  une  valeur 
qui  augmente  a  mesure  que  ladite  vitesse  de 
rotation  detectee  augmente  et  diminue  a  me- 
sure  que  ladite  vitesse  de  rotation  detectee  is 
diminue. 

8.  Dispositif  de  commande  d'une  pompe  hydrau- 
lique  selon  la  revendication  1,  comprenant  en 
outre  des  moyens  (401)  pour  detecter  la  tern-  20 
perature  du  fluide  hydraulique  dans  ledit  circuit 
d'entraTnement  hydraulique,  dans  lequel  ledit 
premier  moyen  (404,  407)  etablit  ladite  pres- 
sion  differentielle  cible  comme  une  valeur  qui 
diminue  a  mesure  que  ladite  temperature  de-  25 
tectee  du  fluide  hydraulique  augmente  et  aug- 
mente  a  mesure  que  ladite  temperature  detec- 
tee  du  fluide  hydraulique  diminue. 

9.  Dispositif  de  commande  d'une  pompe  hydrau-  30 
lique  selon  la  revendication  1,  comprenant  en 
outre  des  moyens  (402)  pour  delivrer  un  signal 
de  mode  de  travail  qui  designe  un  mode  de 
travail  d'une  machine  hydraulique  sur  laquelle 
est  installe  ledit  circuit  d'entraTnement  hydrauli-  35 
que,  dans  lequel  ledit  premier  moyen  (405) 
memorise  une  pluralite  de  pressions  differen- 
tielles  cibles  differentes  correspondent  respec- 
tivement  a  une  pluralite  de  modes  de  travail  et 
selectionne  la  pression  differentielle  cible  qui  40 
correspond  au  mode  de  travail  designe  par 
ledit  signal  de  mode  de  travail. 

10.  Dispositif  de  commande  d'une  pompe  hydrau- 
lique  selon  la  revendication  1,  comprenant  en  45 
outre  des  moyens  (18)  pour  detecter  la  vitesse 
de  rotation  d'une  machine  motrice  qui  entraTne 
ladite  pompe  hydraulique,  des  moyens  (401) 
pour  detecter  la  temperature  du  fluide  hydrauli- 
que  dans  ledit  circuit  d'entraTnement  hydrauli-  so 
que,  et  des  moyens  (402)  pour  delivrer  un 
signal  de  mode  de  travail  qui  designe  un  mode 
de  travail  d'une  machine  hydraulique  sur  la- 
quelle  est  installe  ledit  circuit  d'entraTnement 
hydraulique,  dans  lequel  ledit  premier  moyen  55 
comprend  un  moyen  (403)  pour  calculer  un 
facteur  de  modification  de  la  vitesse  de  rota- 
tion  qui  augmente  a  mesure  que  ladite  vitesse 

de  rotation  detectee  augmente  et  qui  diminue 
a  mesure  que,  ladite  vitesse  de  rotation  detec- 
tee  diminue,  un  moyen  (404)  pour  calculer  un 
facteur  de  modification  de  la  temperature  du 
fluide  qui  diminue  a  mesure  que  ladite  tempe- 
rature  detectee  du  fluide  augmente  et  qui  aug- 
mente  a  mesure  que  ladite  temperature  detec- 
tee  du  fluide  diminue,  un  moyen  (405)  pour 
memoriser  une  pluralite  de  pressions  differen- 
tielles  cibles  differentes  correspondant  respec- 
tivement  a  une  pluralite  de  modes  de  travail  et 
pour  selectionner  la  pression  differentielle  cible 
qui  correspond  au  mode  de  travail  designe  par 
ledit  signal  de  mode  de  travail,  et  des  moyens 
(406,  407)  pour  calculer  ladite  pression  diffe- 
rentielle  cible  AP0  comme  une  valeur  variable 
a  partir  de  ladite  pression  differentielle  cible 
qui  correspond  au  mode  de  travail  designe, 
dudit  facteur  de  modification  de  la  vitesse  de 
rotation  et  dudit  facteur  de  modification  de  la 
temperature  du  fluide. 

11.  Dispositif  de  commande  d'une  pompe  hydrau- 
lique  selon  la  revendication  1,  dans  lequel  les- 
dits  troisiemes  moyens  comprennent  un 
moyen  (205)  pour  multiplier  ledit  ecart  de 
pression  differentielle  A(AP)  par  ledit  facteur 
de  commande  Kj  afin  de  calculer  une  vitesse 
cible  de  variation  de  la  cylindree  et  un  moyen 
(206)  pour  ajouter  ladite  vitesse  cible  de  varia- 
tion  de  la  cylindree  a  la  cylindree  cible  0o-i 
obtenue  dans  le  dernier  cycle  afin  de  determi- 
ner  une  nouvelle  cylindree  cible  60. 
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